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POPULATION BIOLOGY OF THE PACIFIC

SARDINE iSARDINOPS CAERULEA)
By

Garth I. Murphy
California Academy of Sciences, and

Scripps Institution of Oceanography, La Jolla, California

INTRODUCTION

The rise and fall of the fishery for Pacific sardines, Sardinops caerulea

(Girard), is well known. The raw catch figures give a dramatic historical

summary (fig. 1).

However, uncorrected and by themselves they do not provide an adequate

picture of the population dynamics of the sardine. It is the aim of this

study to:

1. Establish the relation between the annual catches and the correspond-

ing population sizes, and from these, indirectly, estimate the sizes of the year

classes

;

2. Establish the relation between spawning stock size and year class size;

3. Examine the effect of the fishery on reproduction and, hence, on

population size;

4. Consider the sardine population in relation to the food available to it

in the environment and the effects of possible competitors; and

5. Attempt to determine the cause of the decline of the fishery, to indicate

what might have been done in the past, and what could be done in the future,

to reestablish the population.

The period covered by this study is 1932 to 1960, 29 years. This period

was selected because the records prior to 1932 are inadequate for most analyses,

and those subsequent to 1960 were not yet fully available. All of the basic

data have been published and are readily available. For this reason, only

the original data critical to the analyses at hand or required for orderly

consideration of the arguments are reproduced. ,-
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the demand has always exceeded the supply. Thus, a major decline in the

population is clearly implicated in the decline in landings.

Examination of the catches by region (table 1) reveals several interesting

major features: The fishery began first in California. Later (1925), large

catches were made in the Pacific Northwest. These increased with the Cali-

fornia landings but always remained a small part of the total (10 to 20

per cent). Judging by the results of tagging experiments (Janssen, 1948),

the Pacific Northwest landings were probably mostly based on segments of

the population participating in an annual northerly migration. The northern

fishery disappeared completely after 1948. This was followed by a pro-

gressive southward shift of the site of most landings. In 1963, the fishery

was centered off Baja California, and field reports indicate that current land-

ings are mostly from the southern half of Baja California. Thus, the decline

of the sardine has been characterized by a progressive decrease in range as

well as numbers.

One other useful point can be derived from the crude statistics. Beginning

in 1934 and ending in 1945, landings fluctuated between 4 and 6 X 10'' tons

(table 1) although fishing effort during 1934 and 1935 was only about 67

per cent of that expended during the balance of this period of high, relatively

stable catches. This reduction in catch per unit of effort may represent the

"fishing down" of a stock, with landings subsequent to 1935 more nearly

dependent on annual production.

SCIENTIFIC INVESTIGATIONS OF SARDINES

Species of the genus Sardinops are found everywhere in temperate and

subtropical waters along coasts. They are the object of fisheries wherever

they occur, and are, or were, the basis of major fisheries in Japan, the Pacific

Coast of the United States, and South Africa. Except for the last, all of

these fisheries have experienced disconcerting fluctuations in yield. This,

together with the importance of the fisheries, has led to a great deal of re-

search and publication. Wheeler's (1931) worldwide bibliography of sardines

lists over 1,500 references. Many of the papers cited concern "'sardine-like"

fishes. Japanese references, however, are not included, the omission perhaps

balancing the commission. A more modern review source on sardine research

is the Proceedings of the World Scientific Meeting on the Biology of Sardines

and Related Species (Rosa and Murphy, 1960). This three-volume set

contains concise synopses of the biology of sardine populations on a world-

wide basis, as well as research and review papers.

The Pacific sardine has been the subject of extensive research as attested

to by the inclusion of 158 references to the species in "An annotated bibliog-

raphy of research in economically important species of California fish and

game" (Scheuermann, 1958), and its two supplements (Calif. Dept. of Fish
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and Game 1961, 1962). Especially useful among these papers are two major

reviews concerning the Pacific sardine population problem, Clark and Marr

(1955) and Marr (I960), and also a succinct synopsis of the biology, ecology,

and fishery for the Pacific sardine (Ahlstrom, 1960).

Research on the Pacific sardine may be briefly, if somewhat inadequately,

characterized as follows: From 1920 to 1938, effort was concentrated on

describing the fishery, the migration of the sardine, and its biology, i.e.,

growth, fecundity, etc. Beginning in 1949, active research interest expanded

to include studies of spawning and the environment as a determinant in spawn-

ing and fishing success, as well as attempts to understand the population

dynamics of the sardine. This trend was accelerated in 1949 with the formation

of the Marine Research Committee of the State of California and the establish-

ment of the California Cooperative Oceanic Fishery Investigations. (See Cali-

fornia Cooperative Oceanic Fishery Investigations Reports, vols. 1-9.)

Some generalizations pertinent to the population problem can be drawn

from the accumulated literature. In all sardine populations that have been

studied, there is clear evidence of large fluctuations in year class size. These

seem unrelated to spawning stock size and, therefore, are almost certainly a

function of the environment. In all instances, there are also considerable

variations from year to year in the catchability of the population. These

variations are related to the behavioral and distributional responses of the

population to differences in environment. This is a problem even in benthic

fisheries, but is particularly severe in pelagic fisheries. Some, tuna, for example,

overcome the environmentally induced vagaries by shifting the fleet with the

fish. The sardine fisheries, however, are mostly day fisheries so that if the

population shifts away from the fishing ports it becomes unavailable to the

fleets.

The fluctuation in the catchability of the population means that average

catch per unit of effort is not a precise measure of population size. This

imprecision, combined with the variations of year class size independent of

spawning stock size, has made it difficult to determine analytically the effect

of the fishery on stock size, and, in turn, the relation between stock size and

reproductive success.

METHOD OF ESTIMATING POPULATION SIZE

The Catch Equation

Providing the individuals in the catch can be aged, the most efficient way

of estimating population size from catches is to solve for the population in

numbers and later convert to biomass. The basic concepts and equations

are well known {e.g., Ricker, 1958a; Beverton and Holt, 1956; Widrig, 1954)

and are considered here in summary form only, following Beverton and Holt,

1957.
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> For simplicity, consider only a single year class (cohort or age class)

subject to natural mortality and fishing mortality. If it is assumed that the

rate of change in numbers is proportional to the population size and that

the proportionality constant is the coefficient of natural mortality (M) plus

the coefficient of fishing mortality (F), the expression for population size

at time t is:

(1) Nt = Noe'^^^''^<'-'"^

where .Vo is the number present at time ^o- For the sake of simpUcity, t - 1^

will henceforth be assumed to have a value of 1 (one year), yielding:

(2) .Y, = A'„e-<^->.").

The fishing mortality coefficient (F) may be considered as the product

of the instantaneous effect of one unit of fishing effort (q) and the number

of units of fishing effort (/). In these terms, the fraction surviving during

the interval is:

(3) _i=e-(e/+M)
iVo

'

and l-e-(«/+") is the fraction that dies. The catch (C) may then be ex-

pressed as:

or alternately:

(5) C, =iV.^(. -.-'.-),

where qfi/(qfi + M) is the fraction of the total deaths ascribable to the fishery.

(The subscript / refers to the beginning of a time period when applied to N
and the entire time period in all other instances. M is regarded as a constant.)

From this basic equation, it can be shown (Ricker, 1958a, p. 27) that the

average catch per unit of effort, C/j, is proportional to average abundance

during the fishing season (X), if natural mortality and fishing mortality are

both applied at a constant rate through the time period in question, e.g., a

year. It has been shown that lack of constancy is not a serious source of

bias in the usual situation of a fishery extending over a significant portion

of the year (Ricker, 1958a).

Previous Solutions of the Catch Equation (4)

Equation (4) contains three unknowns, Ni, q, and M, and only two
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knowns, Ci and fi. It can only be solved if two more pieces of information are

obtained. In theory, this extra information can be obtained by using equation

(3) in logarithmic form:

(6) \n^=qU + M = Z,,

and estimating lniV,/(A^i+i) by In {Ci/ji^Cui/ji+i). If q and M are assumed

constant and fishing effort is known, a linear regression of Z on f will supply

the extra information as the slope of the regression can be equated to q, and

the value of Z when / = is an estimate of M. One problem with this

solution is that unless (/) is the same for each year in an adjacent pair, bias

is introduced. Usable methods for overcoming this problem, based on an

assumed constancy of q, have been elaborated by Beverton and Holt (1957),

and Paloheimo (1961). Apart from the usual sampling problems, the

principal difficulty with their methods resides in the assumption that (q) the

coefficient expressing the effect of one unit of fishing effort remains essentially

constant from year to year. If it does not, (/) is not measured even if exact

knowledge of the total effort is at hand. This means that both / and Z
will be subject to error and the errors will be correlated because Z is estimated

by an expression involving /. As pointed out by Paloheimo (1961), efficient

techniques of fitting a straight line when errors in the ordinate and abscissa

are not independent but correlated are not known. In the instance of the

catch statistics of the Pacific sardine, these errors are sufficiently large to

result in estimates of natural mortality that are large and negative. (See, for

example, Widrig, 1954.)

Schaefer (1954) applied a quite different approach, originally developed

for the analysis of tuna landing statistics. His method circumvents solving

the catch equation directly in that the observed annual catch per unit of

effort is employed as a measure of population size. As already mentioned,

such measures are very imprecise in the instance of the sardine because of

wide year-to-year variation in the catchability of the population. This

problem could be minimized, even in the sardine fishery, if data for sufficient

years were available to permit reliable estimation of an average catch per

unit of effort at each stock size.

Another approach to estimating the relative size of the sardine population

has been to use the concept of "virtual population" first employed by Fry

(1949). The method is simple if aged catches are available. The relative

population size during a given year is estimated as the catches of all the age-

classes present in the population that year summed over as many years as

they appear in the fishery. This can also be used to estimate relative year

class strength and, if the age-classes accumulated are mature fish, relative

spawning stock. For this method to provide estimates of the total population
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size, natural mortality must be zero; for estimates of relative population

size, the fishing mortality rate and natural mortality rate must be constant

over the entire series of years under consideration. Neither of these require-

ments is entirely satisfied by any fishery, particularly not by the sardine

fishery in which fishing effort has varied fourfold and catchability has varied

even more.

The problems associated with the virtual population have been recognized

for some time and were dealt with analytically by Paloheimo (1958), and,

especially, by Bishop (1959). Uncorrected virtual populations were used by

Clark and Marr (1955), by Marr (1960), Radovich (1962), and MacGregor

(1964). As an example of the misleading results this method can yield,

Radovich (1962) estimated the spawning stock during 1932 as about the same

size as in 1943. The fishing effort during the early thirties was about half

that in the early forties, so the 1932 spawning stock might have been much

larger than the 1943 stock (on the face of it by as much as 2 times). Similar

problems of the same magnitude apply to his estimates of year class size.

Though methods have been developed for quantitatively correcting popu-

lation estimates based on virtual populations, these cannot be applied to the

Pacific sardine statistics because they all depend on estimating relative fish-

ing mortality solely on the basis of the measurement of year-to-year changes

in fishing effort. Changes in availability (or catchability) from year to year

are not included.

The difficulty common to all these methods of solving the catch equation

(4), even inferentially, for the Pacific sardine is that because of changing

catchability, it is not realistic to assume that a unit of fishing effort has the

same impact on the population from one year to the next. (This is amply

documented in table 11, p. 38, where apparent survival rates greater than 1.0

are obtained from the catch per unit of effort statistics.) The same problem

in another form also applies to the more stable situation represented by demersal

fisheries. In that situation, the population is frequently more vulnerable on

one ground than another, and if the proportion of the fishing in each subarea

varies from year to year, effort alone will not be linearly related to the fish-

ing mortality coefficient.

Beverton and Holt (1957) have developed a method for computing a

derived measure, i.e., effective fishing effort, from what amounts to changes

in catchability induced by the behavior of the fishing fleet. Although this

method overcomes difficulties that undoubtedly exist in the sardine data, it

provides no basis for solving for changes in catchability due to changes in the

behavior and distribution of the sardine, which appear to be of great magnitude.

Widrig (1954) fully recognized the importance of the problem and developed

one approach. The approach used in this study is easier to evaluate. It is

considered in detail in Murphy, 1965, and in summary form below.
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Solving the Catch Equation

Consider first the catches of a cohort of fish during two successive seasons.

Only the year classes that are fully recruited into the fishery will be included.

The catch during one season is represented by equation (5). The catch in

the following season is represented by equation (7):

where Nie~^~^^ is the number of individuals of the cohort surviving at the

start of year / + 1. The ratio of catches is then:

Ci.^_ u-F,
P^-^ P'^-^ (1-e-^i.x-^O

^ ^ Ci Fui+M F, (1-e-^i-^) •

Homologous equations can be written for all pairs of successive catches. The

series expanded to ; years {i.e., the total years for which catch data is avail-

able) yields j - \ equations similar to (8), containing ;+ 1 unknowns. Such

a system of equations can be solved explicitly yielding ; solutions of F,

provided that two additional independent pieces of information are made

available. These might be an estimate of the natural mortality coefficient

(M) and an independent estimate of F for any year in the series. The latter

might be derived from tagging experiments or survey-removal estimates

(Chapman and Murphy, in press). Fortunately for many of the major fish-

eries of the world, e.g., the Pacific halibut or the Antarctic fin whales, such

auxiliary information is available, at least in approximate form.

General Solution

A system of equations of the type of (8) can only be solved by iteration.

The approach can be shown more easily when the terms have been collected

as follows:

Ct

Substituting and rearranging, equation (8) becomes (9):

If we assume that M and F, are known, equation (9) can be rearranged

to (10) and solved by iteration.

(10) -=f4¥][T^]-
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Once a value for Fi^i has been obtained, Fi+2 may be solved for, and so forth,

until a value for Fj (the last year of catch information) is obtained. Back

calculation from midseries (say from F^+io) which is also possible, is more

laborious as an additional nonlinear term {Si) is involved. An alternate

method if the year with the known F is partway down the series is to start

with a trial value of F,, compute down to the known F, and, depending on the

result, adjust the trial value of Fi until satisfactory agreement with the known

F is achieved. A computer is essential for either computational scheme because

the solution of each successive equation is dependent on the accuracy of the

preceding solution. Achieving the required accuracy by hand computation

would simply be too time-consuming.

Once the system of equations has been solved yielding the series of ;

solutions of F, the component parts of F can be examined. For example, if effort

has been measured, F may be considered a product of fishing effort (/) and

the coefficient of fishing power {q), which are now all variables. Variation

'm. {q) may be examined as a function of the behavior of the fish, the weather,

or as an indication of changes in the efficienc}^ of the fleet. Under some

circumstances, it may be more useful to divide F initially into its components.

This approach will be considered next.

Solution by Prepartitioning F

If measurements of fishing effort are available, it may be desirable to

begin by prepartitioning F into its components. As already stated, the genesis

of this solution was a reexamination of Widrig's 1954 results. He approached

the problem by assuming a population model as follows: During a given

fishing season the fishable stock was divided into two components, one fully

available to the fishery and a second not available at all; between fishing

seasons there was complete mixing. This concept is expressed in equation

(11) which is a modification of Widrig's (2):

(11) ^h^ = e-^r^ = ne-^-'U+{\-ri)e-^^

where r is the fraction of the population available to the fishery and i^ is a

constant modifying /.

As this model proved to be difficult to manipulate, a simpler model in-

corporating the idea of variation in availability was examined:

(12) ^=e-:'/-(-/). = 5,,

where d is a residual constant and r is a variable modifying vj and reflecting

changes in the effectiveness of the gear due to weather, behavior, and dis-

tribution of fish, and/or errors in measuring /. Therefore, /":' is a variable

catchability coefficient equal to the constant q used earlier. The conceptual
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difference between equations (11) and (12) is primarily that equation (12)

requires that all of the population be equally available to the fishery during

a given season, i.e., the mixing process is continuous within and between sea-

sons, but that, as in Widrig's model, the average availability (;) varies among

seasons. Widrig's model (11) might be more appropriate if the fishing season

is very short and equation (12) if the fishing season is long.

Whatever the philosophical difference, there is little difference in the

numerical results, for rearranging, taking logarithms, and approximations,

equation (11) becomes exponential and logarithmic by the first terms in

the appropriate series:

Z = M- In [re-'-f + (1-r)]

~M-ln [r{l-vf) + (!-;•)]

~M - i-rvf)

.'.Z~M + rvj .

This is equation (12) in logarithmic form. Evaluation of (11) and (12)

using values appropriate to a fairly heavy fishery confirms the near equality.

Equation (4) can be rewritten as follows:

(13) C,. = A^-4^(l-.-'V^/.-^0,
;-; vji +M

where the symbols have the meanings designated for equation (12).

Given a series of j years of data, a series of equations analogous to those

developed previously (9, 10) can be obtained:

5* in (14) is the catch per unit of effort in year ;' + 1 divided by the catch

per unit of effort in year /', whereas />* in (9) is simply the quotient of the

catches. For purposes of evaluation, equation (14) can be simplified and

rearranged in the form of (15):

with the pattern of solution essentially similar to that of (10). The algebraic

identity of the two methods may be appreciated by comparing equations (10)

and (15). If when using this second method one has a series in which effort

has not been measured, and one simply inserts the same arbitrary large number

for each /, the two methods converge in that they are both free of the necessity

of measuring / in order to evaluate F.

Estimating Younger Age-classes

The calculations already described deal only with the older classes or
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cohorts which are presumed to share the same values of M and F. Once the

value of F is computed for a given year, the population N of each of these

age-classes at the beginning of the fishing season may be solved for in equation

(5). Often, however, it is desirable to estimate the population size of younger

cohorts or age-groups that are not fully recruited. These population sizes

might serve, for example, as estimates of year class size.

From equations similar to (5) and (2), the following can be derived:

(16) C» = -^''^<^^"*"-".

where

Co = Catch of the year class not fully recruited, i.e., not fully vulnerable to

the fishery.

Fu = Fishing rate of the year class not fully recruited.

j\\ — Size of the year class one year later when it is fully recruited (this will

have already been estimated).

The value of F„ can be estimated by iteration and from this .Yo, the size of

the younger cohort, can be obtained through equation (17):

(17) N, = Noe~^o'^'

This procedure can be extended successively to younger cohorts so long as

the catch of these is substantial enough to provide the basis for an estimate.

APPLICATION TO THE PACIFIC SARDINE

Background Information and Extra Degrees of Freedom

The information required for solution of the series of sardine catch data

falls into two major categories. The record of aged catches, with or without

attendant information on fishing effort, is the primary source of information.

The secondary information from which the additional degrees of freedom

are drawn may be divided into two categories: independently derived esti-

mates of rates, i.e., natural mortality and fishing rates, and independent

estimates of population size.

Mortality Rates

Natural mortality. Obtaining realistic estimates of natural mortality

has proven to be an intractable problem in most fish population studies.

The difficulties are discussed at length by Beverton and Holt (1957), and

Paloheimo (1958 and 1961). As already pointed out, natural mortality

can, in theory, be estimated from the regression of total mortality on effort

(equation 6). As shown by Widrig (1954), however, this gives a negative

value for the natural mortality coefficient (M) for the sardine. This un-
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realistic result is not substantially improved by applying Paloheimo's method

(1961). The problem is not unique to the sardine series. Beverton and

Holt (1957), in their analysis of the plaice population of the North Sea,

surely the most intensively studied fish population in the world, were able

to derive their working estimate of M only because of the availability of

records of the population from immediately after World War 11 when fish-

ing mortality was nearly zero.

Silliman (1943) devised a simple method which overcomes many of these

theoretical and practical problems. It requires two periods in the fishery

when fishing effort is relatively stable at different levels. An additional

requirement is that the periods be long enough so that the effect of uneven

recruitment and/or availability is averaged out of the two catch curves from

which estimates of survival (S) are derived. His method can be succinctly

expressed by modifying equation 14.89 in Beverton and Holt (1957) as

follows

:

(18) ^ ^1/2-^2/1
^

/2-/1 '

where

M — Coefficient of natural mortality.

Z = Instantaneous total mortality coefficient (Z = -ln5).

/ = Total fishing effort, or relative measure of total fishing effort.

1,2 = Subscripts referring to the two time periods.

Using Silliman's values of Z for the two periods, solution of the equation

yields a value of M of 0.153. Clark and Marr (1955) suggested that the

value was too low. They attributed this to Silliman's reliance upon the catch

curve from a single season's fishing (1941-1942) as an estimate of survival

during period two (1937-1942). Additional data strongly suggest that

increased recruitment during this period resulted in too low an apparent

survival based on the single year (1941-1942). Ricker (1958a) suggested

a progressive, undetected increase in the efficiency of the gear as a possible

cause.

In view of the uncertainty about Silliman's estimate of M, the values

of / and Z have been reestimated and used to calculate a new value of M. In

this, the early period 1925-1932 used by Silliman was retained, but more

years (1937-1945) were used for the later period.

Total California effort figures for the period 1937-1945 were taken

from Clark and Daugherty (1952). It ranged from 1,008 boat months in

1942 to 1,401 boat months in 1938, with a mean of 1,251 for the 9-year

period.

Effort for the early period must be estimated. Silliman (1943) stated
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that it was about one-fourth of the effort during the period 1937-1941, but

did not supply details, partly because studies on effort were incomplete.

Though a continuous series of values of fishing effort is available subsequent

to 1932, none is available prior to that time. Fortunately, the year 1932 is

near the end of the period when, as stated by Clark and Daugherty, ".
. . the

daily tonnage delivered by fishing boats was determined by processing plants

and not by the availability of sardines on the fishing grounds." This

suggests that catch may have been proportional to effort prior to 1932, and

that the earlier effort can be estimated by simply extrapolating backwards

using the 1932 ratio of tons to effort as the base point. The resultant average

effort is 369 boat months for the period 1925 to 1932. Prehminary analysis

by the methods developed in this study indicated that the effort in 1932

was only half as effective as the average for 1937-1945, i.e., (q) was only

half as large. This could be the result of low availability during 1932, or due

to the failure of the estimation method developed by Clark (1939) to compen-

sate for technological improvements in the fishery, or, more likely, some

combination of the two. Therefore, a more realistic estimate of average

effort for the period 1925-1932 is 185 boat months.

Total mortalities for the two periods were estimated as follows. For the

earlier period, age data from the catches were not available, but size fre-

quencies were (Clark, 1936). Silliman (1943), using the methods he later

described (1945), deduced the age composition from the length composition,

and from this computed an average annual survival (5) of 0.60 for the period

1925-1932 (Z = 0.5108) in the California fishery.

For the later period (1937-1945), age composition data are available for

the California catches (Wolf, 1961). The pertinent data are given in table 2.

They were derived from Wolf's summary, which includes onh' catches from

which the fish were aged, by adjusting them upwards for the tonnage not

aged. Only those year classes that are represented in the catches during

each of the 9 years are used and only the well-represented, fully recruited,

ages are employed (three to six). The estimate of survival (S) derived by

summing ages three to five and dividing by the sum of ages four to six is

0.3595 and Z is 1.0230. These same data are plotted logarithmically in

figure 2. The near fit to a straight line suggests that the condition of essential-

ly constant total mortality for the years under consideration is met. The

algebraic solution is preferred to a calculation based on the slope of the line

because it weights all data equally.

Using Z = 1.0230 for the later period, Silliman 's estimate of Z r=: 0.5108

for the earlier period, and the several estimates of the relative amount of

effort between the two periods developed above, equation (18) yields the

results in table 3. While the lowest estimate of M is doubtless much too

low, since there is good evidence that the crude figures overestimate the
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Table 2. Age composition of the California catch of Pacific sardines 1937-1945.

Fishing
Year
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Figure 2. Logarithms of numbers of sardines as a function of age, California Catch,

1934-1938 vear classes inclusive. Data from table 2.

dependent of M that even a reasonable guess of M will provide close work-

ing estimates of the desired quantities.

The possibility of classifying sardines into two groups is clearly shown

in figure 3, a catch curve based on the average catch per boat month 1932-

1954. While the catches of two-year-olds were substantial, their vulnerability

to fishing was about 50 per cent smaller than that of the three-year and older

fish. Otherwise, one would expect a relative catch of approximately the

number shown by extrapolation of the straight right-hand limb of the curve.

The straight line indicates that total mortality is constant from age three.

Therefore, either both fishing and natural mortailty are constant between

ages or they are both changing in an exactly compensatory way which seems

unlikely.
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Table 3. Computation of M and F for the years 1925-1932 and 1937-1945, using the

Silliman method.

Ratio of Fishing Ejjort
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Figure 3. Mean age composition of catches of sardines in California, 1932-1954. Based

on catch per unit of effort b\- age. In order to suppress the effect of variable recruitment,

survival for each age couplet, e.g., tii to wi + i, was computed separately using only those

age-classes that were present during both years. From this information, i.e., the 5;eries of

5 values, the relative survival curve was constructed.
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Table 4. Summary of numbers per scouting night from Radovich (1952), tables 2 and

4, weighted by amount of coastline in each survey zone, together with commercial catches

in thousands during the 1950-1951 fishing seasons.

Year Class

1951 1950 1949 194S 1947 1946 1945 1944 1943

1950 - 71,299 21,053 87,115 22,800 5,186 3,528 640 180

1951 48,089 20,964 14,089 50,094 7,097 1,433 466

Survival (5) - 0.2940 0.6692 0.5750 0.3113 0.2763 0.1321

Coefficient of total

Mortality (Z) - 1.2242 0.4017 0.5534 1.1670 1.2863 2.0242

Catch (thousands)* _ _ _ 1,129,495 996,949 391,192 74,496 15,767 444

* 1950-1951 fishing season from Wolf, 1961, table 20, adjusted linearly for missing tonnage.

two adjacent year classes minimizes the possibilty of violating the assumption

that the natural mortality of the two classes is the same. Perhaps even more

important, consideration of only two adjacent age-classes (about 10 per cent

difference in length) also maximizes the chances that the age-groups used

in the computation are equally sampled by the surveys, since it seems likely

that the effect of unknown factors such as age, specific changes in behavior,

inshore-offshore distribution, etc., will also be minimized.

Equations i.i in Chapman and Murphy (1965) were solved for r^ and

r-y using, from table 4:

C^ = 996,949; C, = 1,129,495; ^V,,^ = 22,800; iV,,^=7,097; A^,^ = 87,115;

and Ny_^ — 50,094. Natural mortality (M) was assumed to be 0.40. A value of

0.79 for F,,. was obtained from table 1 in Chapman and Murphy (in press),

with appropriate interpolation. That is, the mortality rate due to fishing of

the 1947 (3-year-olds) year class during the 1950 season was 0.79. Equation

3.4 in Chapman and Murphy (in press) yields a value of ^^, = 0.17, i.e., the

fishing mortality rate of the 1948 (2-year-olds) year class during the 1950

fishing season.

If the additional assumption is made that both surveys are representative

of the real population, these determinations also can be used to estimate

natural mortality from the information in table 4 by simply substracting

the fishing mortality coefficients from the apparent total mortality coefficients.

The result is M =; 0.38 for both the 2- and 3-year-olds. (This numerical

identity is the result of the assumption that M is equal for the two classes,

and indicates nothing more than accurate arithmetic.)

(In introducing this method it was asserted that the solution was essentially

independent of M. If the problem I have just treated is solved using an

assumed M of 0.20 instead of 0.40, F for the 3-year-olds is estimated at 0.78

and M is estimated by subtraction at 0.39, clearly supporting the assumption.)

It is of interest to compare the natural mortality computed by the survey
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technique {M = 0.38) for the 1947 and 1948 year classes with the apparent

total mortality (all natural, as the classes were not caught by commercial

fishing) of the 1949 year class (M = 0.40) and the 1950 year class (M =
1.22). The close agreement between the natural mortalities of 1-, 2-, and 3-

year-olds is reasonable, as they are similar in size and might be expected to

have fallen prey to the same sources of mortality. The much higher figure

(M = 1.2) for the 1950 year class might also be expected, as the fish which

were only a few months old during the first survey, must have been susceptible

to a much wider range of sources of mortality than the older, larger fish.

If there is no bias in the sampling, confidence limits can be set on the

estimated fishing mortality rates following the method of Chapman and

Murphy (1965). Their method requires that the samples be drawn from

a Poisson distribution. It is highly unlikely that this is met in the case at

hand because we are dealing with schooling fish and up to 100 were taken

from each school. Nevertheless, some idea of the accuracy of the estimates

can be obtained by using the method, and the additional data in Radovich

(1952), tables 19 and 22. The results indicate a variance of 0.0052 (standard

deviation == 0.072) for the estimate of F for the 1947 year class in 1950.

This is minimal, as Radovich did not directly age all of his samples. Judg-

ing by his text, only one-tenth were aged. If the published sample numbers

(Radovich, 1952, tables 19 and 22) are reduced by this amount, the variance

and standard deviations are 0.052 and 0.23. These latter estimates are

probably closer to reality and they are disconcertingly broad. Relevant to

the reliability of these estimates, it can be deduced from Radovich's data

that some 95 separate samples were taken in 1950 and 66 in 1951, again

indicating the broader confidence limits are closer to reality.

If it could be assumed that two's, three's, and four's are randomly

distributed among schools and are randomly taken from each school (not too

unreasonable because of their similarity in size), then nine-tenths of the

information obtainable from these cruises was discarded by not aging all of

the fish. This assumption almost certainly applies to the three's and four's,

and it is worth noting that about two-thirds of the total variance just noted

results from the small number (about 38) of 4-year-old fish aged from

the 1951 survey. Clearly, additional consideration of the sampling problem

can increase the usefulness of such surveys.

Despite the uncertainties surrounding the estimates, they supply infor-

mation in addition to that provided by the catches and, hence, are of value

in controlling the analysis of the catches. Of the several values derived

from the survey data, only the fishing rate for 3-year-olds during the 1950

season, F = 0.79, will be used in subsequent computations. Parenthetically,

some support has been obtained for the value of natural mortality (M = 0.40)

deduced from the reexamination of Silliman's estimate.
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Estimates by Other Investigators

A number of estimates of fishing and natural mortality rates are to be

found in the literature. The potentially most useful of these resulted from

tagging conducted over the period 1937 to 1945 (Clark and Janssen, 1945;

Janssen, 1948). The raw data are not available so consideration is confined

to published analyses. In all, 121,000 sardines were tagged with the dual

objectives of describing migrations and estimating population size. Clark

and Marr (1955) estimated total mortality from the returns for each of 9

years (1937-1945). Their values ranged from 48 per cent to 87 per cent,

with a mean of 66 per cent (corresponding Z values 0.65-2.04, mean 1.08).

From the same data, Clark and Janssen (1945) estimated the exploitation

rate {E) over this period at 39 per cent to 50 per cent (F = 0.49-0.69),

depending on the analytical method used, though they believe the higher value

represents the best estimate. These same authors estimated the annual

natural mortality rate (D) as 22 per cent to 36 per cent (M = 0.27-0.45).

If their "best estimate" of the coefficient of fishing mortality (F = 0.69)

is subtracted from the mean total mortaUty coefficient (Z=1.08), an

estimate of M = 0.39 is obtained.

Hart (1943, 1944), in summarizing the returns from 20,000 sardines

tagged in British Columbia, Washington, and Oregon waters over 6 years

(1936-1941), and recaptured along the entire Pacific Coast, estimated total

mortality at 69 per cent (Z = 11 7), in close agreement with the average

for the California experiments of 66 per cent. He made no attempt to separate

this into fishing and natural mortality.

Though the above results seem to me to be the most substantial in the

literature, other estimates have been made. Using other assumptions with

respect to migration, Marr (in Clark and Marr, 1955) estimated from Cali-

fornia tagging results for the same years, natural mortalities of 33 per cent

and 39 per cent (M := 0.40 and 0.49), and fishing mortalities of 22 per cent

and 28 per cent (F = 0.25 and 0.33). No combination of these, however,

adds up to the observed total mortality coefficient of Z = 1.08, the most

reliable statistic derived from the tagging data.

Marr (1960, p. 728) developed an estimate of natural mortality for fully

recruited fish (presumably 3 years and older) for 7 of the 8 years during the

period 1950 to 1957. His estimates varied from M = 0.25 in 1950 to M =
3.91 in 1952. He arrived at these by estimating the total population from

egg surveys which, according to Taft (1960), have 95 per cent confidence

limits ranging from about half to double the mean. He assumed that each

female spawned 100,000 eggs and that there was a sex ratio of 1.0 (Phillips,

1948). Fishing mortality was estimated from the ratio of the catch to the

population estimated from egg surveys, and this was subtracted from total
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mortality estimated from the number of fish taken in year n + I divided by

the number taken in year ;?, yielding natural mortality. A major source of

difficulty, acknowledged by ]\larr, is that changes in availability from year

to year could severely effect the estimates of survival (S), even if his implicit

assumption of constant fishing effort were valid. In fact, the change in avail-

ability (or fishing effort) from 1953 to 1954 was such as to give an apparent

survival considerably larger than 1.0, precluding any estimate for that year.

An additional difficulty with his approach is inherent in the timing of

collection of his data. The sequence is (1) spawning stock estimate, (2)

catch during fishing season, (3) spawning stock estimate, and (4) catch

during fishing season, i.e., the population size is estimated at time but

mortality is estimated between times 0.5 and 1.5. Thus, the numbers do

not fit the time sequence inherent in his_analytical model. Furthermore, he

treats the spawning stock as if it were N, whereas it is much closer to Nq.

This causes him to underestimate fishing mortality, perhaps by as much as

60 per cent, and overestimate natural mortality. His estimate of fishing

mortality is further reduced because the spawning stock includes all 2-year-old

fish (Ahlstrom, 1960), but these are only partially recruited. It appears

impossible, analytically, to derive a reliable estimate of M by this approach,

and it seems certain that the figures derived are considerably higher than

reality.

Yamanaka (1960) has also calculated coefficients of natural mortality for

the Pacific sardine, though he does not give the details of his methods. His

values range from 0.10 to 0.75; those based on analyses of virtual population

(Fry, 1949) are 0.34 and 0.40.

Table 5 summarizes those estimates of natural and fishing mortality co-

efficients for the Pacific sardine population that I believe are most reliable.

Holt (1960) has assembled a number of estimates of natural mortality (M)

from populations of different species of Sardinops. They are of interest as

the ecological framework for other sardine populations may be similar. They

range from 0.15 [the early estimate derived by Silliman (1943)] to 0.9

(Nakai, 1960). Yamanaka (1960) lists three estimates of natural mortality

(M) for the Japanese sardine. The more substantial of these are 0.3 (from

tagging) and 0.5 (from catch and effort statistics). For the same population,

Nakai (1960) gives estimates ranging from 1.3 to 0.9. However, his method

appears similar to that of INIarr (1960) and his estimates, therefore, include

the same sources of error.

In a more general paper, Beverton and Holt (1959) found that natural

mortality coefficients for Clupeidae range from 0.2 to 1.2. Natural mortality

coefficients of 0.2 or even 0.4 may seem absurdly low for such small fish. They

are consonant with reality, however. For example, the extraordinarily success-

ful 1904 year class of Norwegian herring contributed significantly to the
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Table 5. Mortality coefficients for the Pacific sardine.

Period Rate Method Value

1937-1945



Vol. XXXIV] MURPHY: PACIFIC SARDIXE POPULATION BIOLOGY 25

(Ahlstrom, 1959b) and provides references to all those preceding it. Two

questions arise if one uses the results of these studies for deriving population

estimates: What is the relation between the estimated total number of eggs

spawned and the population biomass? And what are confidence limits for

the estimates?

There are two published studies relevant to the first question (Clark,

1934; MacGregor, 1957). There are some areas of agreement between these

studies, e.g., the number of eggs spawned at a single spawning by certain

sized fish, but there are important differences. Clark's material was collected

mostly from 1928 to 1931, and MacGregor's, in 1945 and 1946. In addition,

as pointed out by MacGregor, Clark had material from all months of the

year, and MacGregor had material only from November through February.

Since there is considerable evidence that the period of spawning shifts, there

is a good chance that MacGregor's material was even earlier in the "biological

year" than suggested by the calendar dates. Furthermore, he was unable to

examine ovaries during the spawning season, or from a wide geographical

range. There are also differences in the way the data were treated. Clark

(1934) used the ratio of the numbers of eggs from 0.20 to 0.59 to those over

0.59 mm. as one criterion of the potential number of spawnings. MacGregor

used the ratio of the number in the largest modal group as the denominator

and the number of smaller eggs larger than 0.20 mm. as the numerator. This

could easily account for at least part of their differences. In addition, Mac-

Gregor computed his ratio as an average of ratios and Clark computed hers

from the summed numerators and summed denominators. MacGregor's

method may have introduced considerable bias, as it gives equal weight to

fish that are producing many eggs and to fish that are doing poorly in terms

of fecundity, and, therefore, might be expected both to mature a small batch

of eggs and deposit a smaller number of batches.

MacGregor (1957) believed, on the basis of his samples, that not more

than 2.5 batches could be spawned, but felt that even this number was

uncertain. He states:

No conclusions can be drawn from the material used in this study

regarding the number of groups of ova that a sardine will spawn in

one spawning season. The evidence presented in the literature by

various authors is inconclusive and their conclusions are contradictory.

One of the points at issue is whether there is time for more than one spawning.

MacGregor offers evidence that, for example, in 1951, 97.2 per cent of the

spawning off southern California occurred within a 2-month period. This

is true, but Ahlstrom (1959a) showed that in 1951 only 2.5 per cent of the

total spawning occurred off southern California. If the total spawning range

is considered, there was substantial spawning throughout a 9-month period.

On the basis of the preceding information, I am inclined to accept Clark's
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conclusion that an average of three or more batches of eggs are spawned per

year by the Pacific sardine.

MacGregor's careful determination of the relationship between number

of eggs per spawning and fish weight is consistent with Clark's data. He
estimates from regression analysis that there are 263 ova per gram weight

of sardine per batch, which, accepting three as the number of spawnings and

equal representation of males, yields 395 ova spawned per gram of spawning

population biomass.

Both authors' data suggest that during the period of their studies (1928-

1946), roughly half the 2-year-olds and all of the older fish spawned. New
data presented by Ahlstrom (1960) show that for the 1950's, it is more realistic

to consider all of the 2-year-olds as mature and spawning. This change ap-

pears to be associated with the more southern distribution of the population

in the 1950's.

Taken all together, there is enough information to attempt to estimate

spawning stock biomass from the egg surveys. In using these data, I will

assume all fish 2 years old and older spawned, and that every 395 eggs in

the sea represents 1 gram of spawners (male and female).

There remains the problem of placing confidence limits on the results of

the individual surveys. The first study of this problem (Silliman, 1946)

was based on a comparison of consecutive hauls, i.e., a second haul was
made on a series of stations as soon as the cod end plus the sample of the

first haul were removed and replaced. Silliman's analysis of these "paired"

samples showed that the variance was proportional to the mean and that

the counts could be "normalized" by a log transformation. Sette and Ahlstrom

(1948) used Silliman's estimates of within-station variance as the basis for

setting confidence limits for an entire cruise of many stations. Under these

conditions, a single station must be treated as representative of a 40- to 60-

mile square, and it seems unlikely that the limits Silliman derived are appli-

cable. If they are not, Sette and Ahlstrom (1948) overestimated the precision

of the surveys.

Taft (1960) reexamined the problem and estimated the reliability of a

single haul with respect to a 400-square-mile area on the basis of special

grids of stations 4 miles apart. His results showed that the distribution of

the counts could be described by a negative binomial, and that the 95 per

cent confidence limits of each of the survey cruises he examined were roughly

half to double. In trying to extrapolate his results for a single cruise to a

season's cruises, e.g., 12 monthly cruises, Taft (1960) expressed concern that

new and unevaluated sources of variability might be introduced and not be

reflected in the estimate of variability of the observations. Evidently, he

was concerned over such problems as estimating the variability introduced

by a periodic phenomenon (spawning), by means of measurements evenly
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spaced in time (cruises). This would not be of concern if the cruises were

randomly placed on the time axis. Even with regularly spaced cruises, the

effects of the lack of randomness are reduced by the temporal variation of

the events being measured. That is, judging by the maturity of the fish

themselves and the results of the egg surveys, there seems to be no overall

population synchrony; at a particular time and place, only a relatively small

portion of the population spawn.

The fact that there were only 10 to 12 cruises does not, I believe, introduce

serious difficulties in regarding a year's cruises as a continuum of observations,

unbiased with respect to the locale and periodicity of spawning. This is

because it takes about 3 days for eggs to hatch, so that each sample cruise is

representative of about one-tenth of a month, and because the cruises were

not synoptic but lasted from 2 weeks to a month.

As the egg samples seem to be drawn from a negative binomial, an ap-

propriate transformation (Anscombe, 1948) would be:

y = logio{x + ^/2k) where (k) is the contagion coefficient of the negative

binomial. However, the three cruises studied by Taft (1960) yielded esti-

mated ^'s ranging from 0.14 to 0.76 and I propose to ignore this small correc-

tion. This should increase the calculated variance only slightly, an effect that

can be offset by ignoring all zero values even when they are within a clearly

delineated spawning area. Their interpretation is questionable, i.e., whether

they reflect no spawning in the grid square or sampling, and they are relatively

few (20-30 per cent). Trial calculations assuming 20 per cent zero observa-

tions show that this procedure underestimates the confidence limits by about

5 per cent.

Turning now to the results of spawning surveys from 1951 to 1958, there

is an additional decision to make concerning the so-called late spawning. Well

over 99 per cent of all spawning during these years occurred in the area from

Point Conception to the southern tip of Baja California. During the period

from January to June, spawning was heavy throughout the entire region. In

the southern part, Sebastian Viscaino Bay to the tip of Baja California, there

was a second spawning peak in the July-to-September period. The problem

is, does this latter spawning represent part of the three spawnings a year

that Clark (1934) clearly showed could occur throughout the range, or does

it represent additional spawning (more than three times a year) by a segment

of the population in response to the more protracted period of warm water

in the south. I prefer the second alternative because Clark's results showed

that more than three spawnings could occur, and will, therefore, only consider

the eggs collected between January and June, inclusive. Table 6 shows

the estimated total number of eggs deposited during this period, the estimated

tons of spawners, using the relationship already discussed of 395 eggs per

gram of spawning population, and the 95 per cent confidence limits, based
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Table 6. Summary of egg estimates and derived population statistics.

Year
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possible sources of the discrepancy were examined in some detail. These will

now be discussed.

The methods of sampling the catch for aging will be given further con-

sideration in a later section. Pertinent here is the possibility that the catch

records for the early 1950's might be enough in error to give misleading results,

because of small landings, e.g., 15,000 tons in 1952 with a significant fraction

of them made in Baja California where it was not possible to sample thor-

oughly. The extreme would be that unrecorded catches in Mexico were as

large as the combined recorded United States-Mexico catch, but there is no

evidence that any significant number of Mexican landings were unrecorded.

The effect of possible sampling errors in the catch records was explored by

various methods of weighting the aged catches during the 1950's. None of

these schemes substantially altered the results.

During the 1950's, the fishery operated off California and Baja California

(table 1). In Baja California, landings occurred off Ensenada during the

early 1950's and gradually shifted southward (table 7). The location of

capture shifted southward even more rapidly than the port of landing (table

8). This suggests the possibility that the fishery landings were not drawn

from the same population as the egg samples, and that the landings might

reflect a more restricted segment of the population than egg surveys, which

were designed to cover the entire population. The pattern of the fishery

and tagging experiments, however, indicate that this is probably not so.

For example, as the fishery shifted south, there was no indication that it

was drawing on previously unused stocks (table 13). The age composition

of the southern landings was similar to that of the northern landings, and

if the southern fish had not been previously fished, one would have expected

a larger fraction of older fish in the population.

The conclusion that the fishery during the 1950's was drawing from the

entire population is also supported by tagging results (Janssen, 1948: Clark

and Janssen, 1945; Clark and Marr, 1955). One fish tagged off Baja Cali-

fornia was recovered as far north as the Pacific Northwest (one return). More

to the point, the relative rate of return of tags from fish released during 1941

in Sebastian Viscaino Bay (Cedros Island area) from the southern California

fishery was higher than for releases in any other area (Clark and Marr, 1955,

tables 6 and 7). These results strongly suggest that a fishery based even as

far north as Ensenada, Baja California, will draw on the entire population.

There is some internal evidence of a change in the natural mortality

coefficient (M). The information in table 6, page 28, together with the age

composition of the landings denotes total mortality, i.e., natural mortality plus

fishing mortality. One way to consider the problem is to compute the average

Z for the period 1951 to 1956 when the exploitation rate (E) was low (table

6), on the basis of the apparent fishing rate and assuming the earlier estimate
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Table 7. Baja California catches by points of landing. Unpublished data from the

files of the Bureau of Commercial Fisheries.
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Table 9. Per cent distribution of age classes, 3 years and older. Expected in the catch,

if the average total mortality (Z = 0.53) derived from table 6, p. 28, and assumed rate of

M = 0.40 had held, compared with the observed values.

Expected Observed Year Observed Year Expected Mean
Age Per Cent jg^y Class 1958 Class "^'' ^''"' "'^'' t-^"'

M = 0.40
^^'' ^ ""^ ^^'^ ^"'^ M = O.SO 1957, 195S

3
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additional factors that must be considered concerning the biology of the

sardine. Some of these are directly relevant to the numerical evaluation,

while others are required to understand and interpret the results.

SUBPOPULATIONS

The possibility of the existence of races or subpopulations of the Pacific

sardine has received continuing attention since Hubbs' (1925) study. Aside

from general interest, the problem is especially important with respect to

exploited species as it is desirable to consider each major population unit

separately, whether or not they are all harvested more or less equally by

the fishery. Clark (1947) compiled and reviewed all of the available data

on vertebral number. She concluded that there was some basis for regarding

the population in the Gulf of California and the most southern part of Baja

California as racially separate from a more or less freely intermingling popu-

lation to the north.

Wisner (1961) has compared Clark's vertebral counts with data gathered

over the period 1951 to 1957. His evidence confirms Clark's findings for

the Gulf of California, but, excepting the lowermost part of Baja California,

the later vertebral counts are lower than those of the earlier period. Wisner

suggests that there has been a change in the "racial" mixture supporting the

fishery, and, more specifically, that a northern race (more vertebrae) has

declined disproportionately with respect to a southern race.

More recently, the results of subpopulation studies using erythrocyte

antigens has led to the delineation of genetic strains of sardines (Sprague and

Vrooman, 1962; Vrooman, 1964). The results of these studies agree with

the results based on vertebral counts. However, as blood characters are

thought to be completely genotypic in origin, serological studies can provide

more useful information. The workers were able to identify samples (schools)

unambiguously as belonging to one race or another.

Vrooman (1964) reports that the population of sardines is made up of

three races. One, in the Gulf of California, is apparently restricted and is

not involved in the Pacific Coast fisheries. The other two are involved. The

southern race has been identified from southern Baja California to San

Pedro; those from the northern race, from San Quintin in northern Baja

California to Monterey. The apparent wide overlap in distribution of these

races is due to integration over time. Apparently their north-south move-

ments are synchronous because they have not been found overlapping during

any particular survey. Their genetic identity also argues for effective sepa-

ration at spawning.

The movement of fish deduced from tag returns (fig. 4) is also compatible

with the results of the serological studies. The movements of the sardines,

as shown by the tag returns and by the timing of the fishery along the

coast, were summarized by Clark (1952, p. 373):
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By the end of their first year they have evidenced a slight northwward

movement and in each succeeding year this northward migration

becomes more pronounced. These northward movements occur during

the summer months and a return southward takes place in the late fall

and winter . . .

This seasonal movement has also been noted from the serological studies,

e.g., a southward shift of the northern population during the fall and winter,

and fish tagged in Sebastian Viscaino Bay (southern race) were mainly

recovered south of Point Conception.

During the 1961 fishing season, it was possible to relate the commercial

catch to specific subpopulations. The data indicate that all the landings

in southern California were from the northern race and all those in Baja

California were from the southern race. There were differences in the relative

strength of the various year classes in catches from the two areas, and fish

of the same age from the Baja California fishery were markedly (about 30

percent) shorter in mean length than those from the southern California

fishery. This clearly indicates either genetic differences in growth character-

istics, or the effect of different environmental conditions, or both (Vrooman,

1964).

Resume of Population

Except for the 1961 season, the commercial catches, which are essential

to the balance of this study, cannot be identified with respect to race. I

will, therefore, assume that there were, during the entire 1932-1960 period,

two genetic races of sardines, a southern and a northern. The northern race

was the larger of the two as judged by the fact that up to 1945, landings

north of Point Conception were two to three times larger than those to the

south (table 1), while tag returns indicate that fish almost certainly of the

southern race did not contribute heavily north of Point Conception.

The landing pattern and tag returns also indicate that by the late 1950's

the relative strength of the two races was reversed. Landings during the

1954-1960 seasons were mostly from south of Point Conception, the ratio

being 5.8 : 1. This is close to the ratio (6.1 : 1) of recoveries to the north

and south of Point Conception for fish tagged in Sebastian Viscaino Bay

(Janssen, 1948).

That a change occurred in the proportion of the races between the two eras

is clear. In order to examine the population size within the analytical frame-

work, a decision must be made as to which year class was the first to become

predominantly southern instead of northern. I have selected 1949 because

this was the first cohort to be relatively unavailable north of Point Conception

and, to a lesser extent, at San Pedro, but was relatively available to the

Ensenada fishery.
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Figure 4. Sections of the Pacific Coast of North America showing diagrammatically

the major movements of tagged sardines as indicated by recoveries from June, 1935 to

May, 1944. (From Clark and Janssen, 1945.)

A natural mortality coefficient of M = 0.40 applied to the population

subject to the fishery before the 1949 year class appears to give reasonable

estimates of the population. After the 1949 and subsequent year classes

dominated the population (1954 ff.), a natural mortality coefficient of M
= 0.80 gives more reasonable estimates. This change is, of course, coincidental

with the change in distributional pattern of the fishery described above. In

solving for the population using equation (15), page 12, the transition was

accomplished by treating the 1949 and subsequent year classes separately.
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It cannot, at the present time, be quantitatively demonstrated why the south-

ern stock should have a higher natural mortality coefficient. However, some

qualitative suggestions can be made. They are smaller at a given age (Vroo-

man, 1964). Even by their fifth year they have not achieved the size of

2-year-olds of the northern race. This should make them susceptible to a

broader spectrum of predators. Furthermore, the sort of fish that would be

expected to prey on the sardine are more abundant off Baja California. For

example, yellowfin tuna and skipjack tuna annually migrate into the region

in large numbers (Broadhead and Barrett, 1964). The population of yellow-

tail, Scriola dorsalis (Gill), appears to center off Baja California (Baxter,

1960) and sardines are taken in significant numbers by this species.

Because there is no way of separating the two races in the commercial

landings for the period 1932-1960, the estimates that are developed on the

basis of the landings do not represent a population in a strict biological sense.

They refer to mixtures and the implicit assumption in treating them as units

is that, within each of the two periods, i.e., year classes up through 1948 and

year classes from 1949 on, the relation between abundances of the two races

and their relative contributions to the catches were constant though unknown.

EVALUATION OF THE POPULATION FROM THE CATCHES
Numerical Solution

The basic data required for solving equation (15) are the age structure

of the population for each year and the total numbers landed. The total

tonnage of sardines landed can be assumed to have been measured, and from

this total numbers can be estimated. The problem of sampling the landings

was considered in detail by Sette (1926), reviewed by Felin and Phillips

(1948), and reexamined by Widrig (1951) as described in FeHn et al. (1952).

The basic sampling system involves obtaining grab samples of SO fish several

times a week from the landings at each port. All are measured, and 10

selected at random from each sample are aged. This information, together

with the tonnage landed at each port, can be used to obtain an estimate of

the age composition of the total catch. Wolf (1961) has summarized the

results of this sampling for the period 1932 to 1960.

In addition to the catch record, estimates of total effort and catch per

unit of effort presented in Clark and Daugherty (1952) for the period 1932

to 1950 have been utilized. Data for the period 1951 to 1960 either are not

available or are not comparable to the earher series (Clark, 1956), so a value

of 1,527 units of effort, the last published value, was used for this period

in order to use the same computer program.

The data in table 10 refer only to those ages used in solving equation

(15). Ages less than three are not appropriate because they are not fully

recruited (fig. 3). Fish older than six were not usually used because of
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uncertainties in sampling and aging, and because their inclusion would, in

most cases, have had little effect on the result. This rule was broken for

the 1953-1955 period because it was felt that the inclusion of the older fish

was a significant contribution to the information. The S* series required

for equation (15) was derived from table 10 by dividing the numbers of

fish of appropriate ages in year w + 1 by the appropriate numbers in year n.

Usually, this involved dividing the numbers of 4- + 5- + 6-year-olds in year

N -\- I by the numbers of 3- + 4- + S-year-olds in year n. Because of the

assumed change in natural mortality coefficient from 0.40 to 0.80 beginning

with the appearance in 1952 of the 1949 year class in the fishery, it was

necessary to compute two series of S* values and solve for the population

in two parts. The 5'^ series and the calculated statistics for the pre- 1949

year class population are shown in table 11; those for the post- 1949 year

class population are shown in table 12.

The extra information needed to solve the earlier series was the estimate

of F for 1950, 0.79, derived earlier from survey data, and M = 0.40. To

the extent that effort (/) was measured accurately the r values in table 11

for the years 1932 to 1950 probably represent real changes in the efficiency

of the fleet from year to year, induced either by operational changes or

variations in the availability of the fish. For the years 1951 to 1960 when

an arbitrary value of effort (1,527) was assumed, they are simply com-

putational artifacts. The statistic E when divided into the measured catch

provides an estimate of the population at the beginning of the fishing year.

Because the data in table 12 are, in effect, an independent series covering

9 years, two new sources of extra information are required. The first was

supplied by the estimate of mean population, 1954-1958, derived from egg

counts. A second, equally objective, degree of freedom was not available,

so recourse was had to partially subjective criteria. The procedure was as

follows

:

Judging from the egg counts, the population was declining over the period

(table 6), but solutions using M = 0.40, consonant with the 5* series (table

12) and yielding a mean population for the period that agrees with the

1954-1958 population estimates from the egg counts, indicated a rapidly

increasing rather than decreasing population. This could be rectified by

increasing M. As already indicated, M = 0.80 was finally selected. The

case of M = 0.90 was also studied, but at this value, in order to reach agree-

ment with the mean from egg studies, fishing effort in 1960 would have had

to approach infinity. In order to keep the mean of the entire series (1954-

1958) near the mean estimate for those years from egg counts, it was nec-

essary to select solutions with larger F's during the later years {c.^., Feu).

This agrees with the observation that fishing mortality was much lower in the

earlier years (table 6). Successive trials indicated that an Foo value of 1.36
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Table 10. Catch data used to solve for population size. Values for 1932-1950 are mea-

sured by catch per unit of effort and total effort. Values for 1951-1960 are estimated

catches and an arbitrary effort figure. Data for 1932-1950 prepared from Wolf (1961), table

20; and Clark and Daugherty (1952), table 7 ; except for 1938. The derivation of values for

this year is discussed in Appendi.x 1. Data for 1951-1960 are from Wolf (1961), table 22, ad-

justed for missing tonnage.

I ear
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Table 11. Statistics on the sardine population 1932 to 1955 from solution of equations 15,

17, and 18, based on the 1948 and earlier year classes, v = 0.0008898, M = 0.40. S* derived

from table 10.

Year
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Table 12. Statistics on the sardine population 1952 to 1960 on the 1949 and subsequent

year classes from the solution of equation 15, and equations 16 and 17 . v =: 0.0008898, M ^
0.80. S* derived from table 10.
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Table 13. Total catches 1932-1960, Wolf (1961, table 22) adjusted for unsampled ton-

nage, and Wolf and Daugherty (1963) except for 1938. for this year see Appendix 1.

Year
Numbers in Thousands at Age Indicated

8 and Over

1932

1933

1934

1935

1936

1937

1938

1939

1940

1941

1942

1943

1944

1945

1946

1947

1948

1949

1950

1951

1952

1953

1954

1955

1956

1957

1958

1959

1960

121,269

379,773

878,221

575,826

465,937

1,491,410

2,364,371

2,122,049

1,826,821

3,200,419

1,082,821

605,282

1,280,902

934,148

532,707

343,786

869,469

1,436,543

1,129,439

69,919

5,212

6,769

204,733

72,158

20,631

60,212

893,313

313,017

163,335

592,882

307,620

1,212,783

1,855,794

1,085,064

647,753

1,032,046

1,258,964

1,092,188

1,661,424

1,915,201

1,045,881

769,230

867,355

377,911

188,164

187,954

779,609

996,899

780,969

23,066

39,824

230,795

269,874

92,550

80,371

265,419

220,673

221,165

557,363

378,497

512,965

578,911

2,125,525

734,888

215,661

311,517

355,902

445,257

768,475

1,246,173

651,701

487,782

145,670

105,037

68,105

229,033

391,172

180,297

56,452

11,747

73,542

141,748

118,962

35,949

51,652

31,168

67,446

216,239

387,834

327,994

208,765

910,153

481,727

248,579

101,561

78,927

184,403

211,553

431,457

665,170

236,181

57,557

60,424

24,252

112,736

74,493

62,677

13,515

50,186

44,331

25,484

28,542

33,731

20,800

1,953

6,114

95,694

261,098

353,833

246,820

177,482

126,298

146,966

111,372

51,155

48,156

80,392

150,441

241,392

146,821

35,734

19,233

8,349

13,042

15,767

14,805

3,693

4,294

64,279

10,665

3,771

6,459

9,006

626

239

42,227

122,747

209,449

103,911

97,435

64,418

41,026

37,800

14,229

24,057

14,838

45,036

74,172

54,792

23,978

13,011

3,760

1,122

365

2,599

428

807

5,986

20,547

1,276

991

1,308

132

93

77,568

298,733

303,585

161,346

48,115

22,948

27,479

34,980

19,237

17,688

5,620

15,396

19,884

19,207

6,531

11,212

7,786

3,107

79

278

144

1,078

9,041

606

202

427

Schaefer (1954) and Widrig (1954). The most recent series of virtual

population estimates is MacGregor's (1964). His estimates are compared

with their equivalents from my analysis in figure 5. From 1935 ff., the

general trends are the same and the theoretical objections to the virtual

population (p. 8), already discussed, easily account for the discrepancies.

The especially serious disagreement for the period 1932-1934 is associated

with a rapid increase in fishing effort (table 11). It appears that in this

instance the virtual population is inappropriate as an estimate of spawning

stock size. It is similarly inappropriate for estimating year class size.

A method developed by Clark, in Clark and Marr (1955), overcomes

part of the bias in the virtual population estimates. It involves taking an
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Table 14. Population table 1932-1960 based on total catches, table 13, the E values

from tables 11 and 12, and formidas 16 and 17. Numbers above the step line are based on

M = 0.4 and table 11, those below on table 12 and M = 0.8.

Year
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22
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Figure 6. Comparison of population estimates (table 14) with corrected virtual pop-

ulation estimates computed by Clark (in Clark and Marr, 1955, table 12). Dashed line from

table 14. Solid line from Clark.

age are available from 1941 onward: Phillips (1948), Felin and Phillips

(1948), a series of papers keyed in Wolf (1961), and Wolf and Daugherty

(1963). These were transformed into weights using the relationship developed

by Clark (1928), a relationship apparently still valid (John MacGregor,

personal communication). For the earlier period, 1932-1940, the mean values

for 1941-1946 were used. In order to test the validity of this extrapolation,
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Figure 7. Estimated biomass of sardines 2 years and older, and landings, 1932-1959.

Biomass—solid line, landings—dashed line.
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the weight of the catches was reconstituted from the numbers and age for

each year, and compared with the true or measured total weight. The maxi-

mum discrepancy was 17 per cent, with the majority agreeing well within

10 per cent. In the calculations done here this error range is, of course,

considerably reduced because the only reconstituted weights used were for the

younger (0-, 1-, and 2-year-old) fish, and zeros and ones form an insignificant

fraction of the catch.

The biomass estimates derived by this procedure are given in table 15

and presented graphically in figure 7. They show a rapidly declining popu-

lation with relatively short-lived reversals representing the passage of one

or more abundant year classes through the population, e.g., the 1938

and 1939 year classes were the principal components of the peak in 1940-1943.

The landings of the fishery show a similar trend (fig. 7), although there are

considerable differences in detail. The major discrepancy appears during the

early years when the fishery was removing a much smaller fraction of the

total population and was apparently fishing down a large "virginal" stock.

Comparison of tables 14 and 15 readily points up the bias involved if numbers

are used as a basis for measuring the population. For instance, on the basis

of biomass, the 1932 population was 5.8 times the 1954 population, but on

the basis of numbers it was only 4.1 times.

RELATION BETWEEN SPAWNING BIOMASS AND REPRODUCTION

Up to this point we have been concerned with developing a method of

estimating population numbers from the catch and other statistics. The
method has been applied and the results have been expressed in terms of

numbers and biomass. This information can now be examined with respect

to population regulation.

Potential Reproduction in the Absence of a Fishery

In any steady state population one egg must eventually result in one

egg. The eggs produced in any one year can be estimated if an estimate of

spawning age fish is available, and the relation between eggs and spawners

is known. Numbers of spawners cannot be used because the age structure

of the population is constantly changing. MacGregor (1957) has, moreover,

shown that fecundity is nearly proportional to biomass. I will, therefore, use

the calculated biomass of the population as estimates of yearly egg production.

Reports by Clark (1934) and MacGregor (1957) suggest that during the

early years of the fishery about half of the 2-3^ear-olds matured and spawned.

Information on the population during the late 1950's (Ahlstrom, 1960) shows

that all of the 2-year-olds spawned. The most logical time to introduce the

transition is 1951 when the 1949 year class, the first to be characterized as
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Table 15. Estimated biomass of Pacific sardine population 1932-1959. Includes all fish

2 years and older.

Year
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Table 16. Computation of factor to relate biomass at age two to "potential spawning

biomass," 1932-1948 year classes. Groivth data from Phillips (1948, table 9). M = 0.40.

Age
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Table 17. Computation of factor to relate biomass at age two to "potential spawning

biomass," 1949 to 1957 year classes. Growth data estimated from unweighted mean lengths

of season landings, 1958-1960. M = 0.80.

Age Number Length
Estimated
Growth
Weight

Biomass

1,000
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Figure 8. Size of year class as numbers at age 2 when they are first recruited to the

fishery versus the year spawned.

where: 7? = Reproduction,

P = Parental or spawning stock,

Pr — Stock size at which R = P,

Prn — Stock size giving maximum reproduction in the absolute sense.

The relationship has several attractive features. The ratio, R/P, increases

as P approaches zero. The maximum reproduction in the absolute sense may

be anywhere on the P axis, depending on the distribution of the observed

values. A functional mechanism that might underlie his model is cannibajism.

Unlike the plaice considered by Beverton and Holt (1957) where the adults
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Table 18. Biomass of parents (P) and reproductive potential (R) of year classes 1932

through 1957.
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slope of the regression. Its value relative to the value of P, reflects the

comparative effectiveness of compensatory and noncompensatory mechanisms.

Its value is entirely dependent on compensatory mechanisms, i.e., a steep

slope is associated with a high degree of compensation and vice versa. When
P,n is greater than P,-, noncompensatory mechanisms are more important; when

Pn, is smaller than P,, the reverse is true. The implicit assumption is that

these factors remain constant over the years under consideration. This was

not true for the sardine data, which had to be considered in two segments.

One interesting question is whether the relationship between spawning

stock and potential year class biomass in the years 1949-1957 (fig. 10)

involves any new elements, or whether the difference from the 1932-1948

relationship (fig. 9) can be accounted for by the changes in growth and

natural mortality already discussed. To test this, the weights at age 2 for

the period 1949-1957 were adjusted upwards by a factor of 1.5 (e'^'-^), on

the assumption that the increased mortality in the third 3/ear of life (M = 0.8

versus 0.4 for the later period) implies proportionally greater mortality in the

second year. These adjusted figures were then multiplied by the 1932-1948

potential biomass factor (table 16) to obtain an estimate of "potential" re-

production for the years 1949-1957, provided the natural mortality and

growth parameters of the 1932-1948 period had prevailed. The new points

when treated independently yielded a Ricker curve approximating the curve

for the period 1932-1948. When these adjusted values and the data for

1932-1948 were pooled, the parameters of the 1932-1948 curve were changed

less than 5 per cent. Thus, the postulated changes in growth and adult

mortality appear to explain adequately the discontinuity between the two

series.

The largest ratios of potential year class biomass to spawning stock biomass

for the two periods were 5.35 in 1939 and 1.4 in 1951. These compare very

well with the values predicted from the Ricker function as the stock approaches

zero: 4.0 and 1.9. Thus, both the long empirical record and the fitted

function indicate that the average resilience of the population is a great deal

less than the 90 thousand eggs produced per female might suggest, and that

really large year classes are not to be expected from small spawning stocks.

The maximum ratios of 4 and 5.35 presumably represent general environmental

resistance as well as compensatory mechanisms.

The considerable variability in potential year class biomass (7.9-fold

variation in 1932-1948; 3.8-fold in 1949-1957) is quite in line with the

numerous examples provided in Ricker (1958a) and Beverton and Holt

(1957). For example. North Sea haddock range over 50-fold; British Columbia

herring, 8-fold; and Tillamook Bay, Oregon, chum salmon, 10-fold. Such

variation at any one spawning stock size, e.g., the wide range in spawning

success of the sardine at about one million tons of spawners (fig. 9), probably
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Figure 9. Relation between biomass of parents (P) and reproductive potential (/?)

of year class. The straight line represents replacement reproduction. The fitted Ricker re-

production function is also shown. Period 1932-1948. Numbers are calendar years. Pr,

the equihbrium population, is 2,403,000 tons. P,,,, the population giving the maximum

absolute reproduction, is 1,729,000 tons.

reflects changes in the ocean environment. Determining the causes of these

variations may not, however, be a tractable problem. For example, the least

successful year in terms of R/P (1934) and the most successful year (1939),

differ by a factor of 14.4. This difference could be induced by a coefficient

of total mortality (Z) only 1.33 times as great in 1932 as in 1939, if we

assume the difference in mortality occurred from egg to age 1 and was spread

evenly over the first year, i.e., that the instantaneous rate is the correct ap-

proach. Considering the sampling problem in the ocean, a 35 per cent change

in some vital process would be exceedingly difficult to detect, even if we knew

exactly what to try to sample! An alternate extreme hypothesis that should be

easier to study because a continuously integrated process is not involved, is

to propose that environmental conditions during some relatively brief and
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of year class. The straight line represents replacement reproduction. The fitted Ricker

reproduction function is also shown. Period 1949-1957. Numbers are calendar years. Pr,

the equilibrium population, is 389,000 tons. Pm, the population giving the maximum absolute

reproduction, is 602,000 tons.

critical period vary widely (for example, proposing that low survival is caused

by a flow pattern that carries most of the eggs to unfavorable areas during

some years, and vice versa). Such a model was elaborated for the sardine

by Sette (1960). Marr (1960) discounted it on the basis that such evidence

as was available (drift bottle records and oceanographic surveys) did not

support it. At present, the hypothesis is still a moot question.

The values of the biomass of potential year classes are about ev^enly

divided between those greater and those smaller than the spawning stock (figs.

9 and 10). They are not, however, randomly distributed in time in the years

1932-1948 (runs test, p < 0.025) but may be in the later period (runs test, p ~

0.25). An analysis of the position of the points relative to the line of pre-

diction of the Ricker curve gives similar results. The frequent occurrence of
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a period of time to reduce the spawning stock to a point where it can no

longer be expected to yield a significant crop, and whether the intensity of

fishing is high enough to keep the actual year class reproduction at or below

the equilibrium line on the average. The data just discussed (figs. 9 and 10)

show that by the criterion of "potential reproduction" the population would

have had considerable resilience. For example, in the 1932-1948 period,

after stock was reduced below P,-, i.e., 2.4 X 10** tons, the sum of the plus

deviations with reference to the equilibrium line was much larger than the

sum of the minus deviations. The same is true for the 1949-1957 period,

but the number of points is too small to permit any confidence in this

observation.

The effect of the fishery is shown in figures 12 and 13. These are based

on the population estimates (table 14) and the observed age-weight schedules.

The biomass of spawners is the same but instead of potential year class biomass

reproduction, actual reproduction is plotted on the y axis. The actual spawn-

ing biomass of each year class (actual year class biomass) was directly computed

by summing the observed biomass of each year class as it passed through the

population as opposed to the projections used to compute potential biomass.

The difference between the two sets of figures (9 and 10 versus 12 and 13)

represents the effect of the fishery. Under its influence, the sum of the

negative deviations from the 45° line was markedly larger than that of the

positive, agreeing with the observed decline of the population.

The cause of the marked change in the population in the 1949-1953 period

can now be qualitatively explained. In the period 1945-1950 the spawning

population was small (700,000 tons or less). As a result of the total mortality

schedule (fishing and natural), 85 per cent of the biomass of the population

was comprised of 2- and 3-year-olds during those years. If we now assume

a failure of the reproduction of the northern race for two years (1949 and

1950), all of the 1949 and 1950 year classes would have been southern fish.

This argument is similar to that advanced by others, e.g., Marr (1960) and

Sette (1960), but it was not considered by them in the context of a reduced,

heavily fished population made up of only a few ages. By 1952, when these

year classes were the two's and three's, the total tonnage of 4-year-olds and

older was only 126,000 tons. If the fraction that was the northern race can

be regarded as proportional to that in earlier years, about half of these would

have been northern stock and this race which was once dominant now would

be reduced to only 60,000 tons. Therefore, the parameters of the population

as a whole would be changed from those appropriate for the northern race to

those for the southern race. This argument may be overdrawn, but other

events have operated in the same direction. For example, availability in

1947 and 1948, and 1952 and 1953, was generally low, so that the fishery,

still centered off southern California and northern Baja California, must have
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drawn principally from the remnant northern stock (Vrooman, 1964), thus

depressing it far more than would have occurred if the sardines as a whole

had had a more northerly distribution. It is not certain that fishing mortality

was the cause of the change in the population structure, but in 1932, only 39

per cent of the biomass of the older fish was comprised of 2- and 3-year-olds.

Clearly the effect of the 1949 and 1950 events would have been less had

there been more older fish in the population. These aspects of the sardines'

biology will be considered again in the discussion of practical problems.

BIOLOGICAL EFFECTS OF THE DECLINE OF THE SARDINE

In general it would be expected that a marked reduction of a particular

species would be followed by readjustment of the populations of other species

in the community. Whether or not this readjustment would be readily de-

tectable might depend on several factors, but certainly prominent among these
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is whether the species that was reduced was a major component of its com-

munity. The simplest way to evaluate this aspect of the problem is to explore

the significance of the sardine's food requirements relative to the amount

available to the entire trophic level.

The Food Supply of the Sardine Habitat

As will be at once apparent, the food supply in the habitat of the sardine

is not known with precision. In fact, there is no real basis for more than

very approximate arguments. On the basis of some simple considerations,

however, it appears that the sardine population was an important element

in the economy. Further, there is some basis for assuming the existence of

competition for food within the California Current area.

The standing crop of zooplankton in the California Current region has been

examined in some detail. (See, for example, Thrailkill, 1956.) For the purposes

of this discussion I will use the results of the 1952 survey as a representative
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offshore. Thus, we are concerned with 24 X 10"^ square miles, or about

70 X 10^-' square meters.

The depth of the plankton sampling was about 150 meters, established

on the basis of the depth distribution of the sardine. Parenthetically, it

might be pointed out that this is roughly the depth zone in which the bulk of

the zooplankton occur. The average concentration of zooplankton in 1952

was 0.2 gram per cubic meter. This value, summed over area and depth

results in an estimated standing crop of 21 X 10^- grams wet weight of

zooplankton. At 1,000 calories per gram wet weight this standing crop

represents 21 X 10^^ calories.

Dr. Reuben Lasker (personal communication) has determined that adult

sardines consume about 2 small calories per gram per hour.^ The annual

standing crop of fish 2 years old and older was estimated at about 4 X 10^

tons for the period 1932-1934. The respiration requirement of this population

was then 70 X lO^-" calories per year. If the population was in a steady state,

the loss of fish was balanced by growth. The annual loss at M = 0.4 would

be 1.196 X 10^- grams. Based on determinations by Lasker of about 2,000

calories per gram wet weight, this would be equivalent to 2.4 X 10^^ calories.

Thus, the total caloric requirement was 72.4 X 10^*^.

Sardines feed mostly on zooplankton (Hand and Berner, 1959). On this

basis it would require about 3.5 standing crops of zooplankton to meet the

energy requirements of the sardines. One possible source of additional food

is advection. That there is more zooplankton coming in than going out is

indicated by figure 13, where it is shown that the southward-flowing waters

off California are a region of net consumption of zooplankton, an observation

previously made by Reid (1962). An estimate of the annual rate of flow

based on 1.5 X 10** m^ sec"^ across a Hne extending seaward from Point

Conception between the surface and 150 meters (Reid, personal com-

munication) is 47 X 10^- m^ per year. If the inflowing water is estimated

to contain about 0.6 gram of zooplankton per m"^ and the outflow, 0.05, the

net contribution of advection is 25.9 X 10^^ calories per year at 1,000 calories

per gram wet weight of zooplankton, or about one standing crop. Thus, the

sardines alone would require about 2.5 in situ-produced standing crops per year,

in addition to the contribution of advection, for their maintenance. An obvious

difficulty with the basic estimates of zooplankton is that they include unknown

proportions of low-calorie organisms such as small salps. A source of error

in the opposite direction is the unknown quantity of zooplankton not sampled

and undersampling during the day. Finally, the turnover rate of zooplankton

in the California Current area is not known, but it seems likely that it is

no greater than five times per year.

2 This figure may be about 30 per cent high as Lasker's specimens had a lower fat content than typical

fish in nature.
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Table 19. Summary record of anchovy and sardine larvae captured each year and

sardine spawning biomass from table 18.
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The data in table 19 show the anchovy has risen and the sardine has de-

clined during the period. This is also suggested by a plot of anchovy larvae

and sardine spawning biomass, figure 15. The situation prior to 1951 is not

known with certainty, but plankton samples taken during 1940 and 1941

(Ahlstrom, 1948) in the region between Point Conception and San Diego

contained about the same numbers of anchovy and sardine larvae. However,

as this survey involved only a segment of the total area, the estimated relative

abundances cannot be determined as precisely as would be possible if the

surveys had been as complete as they are now. What appears to be a reason-

able extrapolation based on spawning distribution and trends in the 1950's

suggests that, in terms of biomass, anchovies were then about half as abundant

as sardines. They now (1957-1959) appear to be about 20-40 times as

abundant.

If one pools the larval data (table 19) for the years 1957-1959, the ratio

of anchovies to sardines is 21 : 1. Multiplying the average spawning popu-

lation of sardines for the same period (table 18) by this factor yields an

estimated anchovy spawning population of 4.8 million tons—rather close to the

estimate at four million tons for the "primitive" sardine population in 1932-

1934. Clearly, one can argue the details of this discussion, but the conclusion

is inescapable that the anchovy, not the sardine, is now the important plankton-

feeding fish in the California Current system, and that its present population

level is close to that of the "primitive" sardine population. Moreover, Lasker

(personal communication) finds they respire at the same rate as the sardine.

Similar considerations, primarily based on the information in table 19,

have led several workers, e.g., Murphy, 1961; Ahlstrom, 1960; Marr, 1960;

and Isaacs, in press; to consider whether the rise of the anchovy can be

causally related to the decline of the sardine. The possibility is attractive

because the two seem to occupy overlapping niches. For example, the lower

threshold temperatures for spawning are 11° C. for anchovies and 13° C.

for sardines and the corresponding upper limits for significant spawning are

about 20° C. for both (Ahlstrom, 1954, 1959a). Food habits of the larvae

are similar (Arthur, 1956; Berner, 1959). Hand and Berner (1959) found

Crustacea were the dominant food (89 per cent) of the adult sardine. They

also found, particularly in northern fish, more phytoplankton than might have

been expected, as an adventitious addition to a zooplankton diet. There is

no exact information on the food of the adult anchovy but the impressions

of myself and others, based on animals in captivity and cursory field ex-

aminations, suggest that they eat about the same things as sardines. There

is nothing in their buccal anatomy, gill rakers, teeth, etc., to suggest they

feed at a lower trophic level, whereas the Peruvian anchovy which feeds

largely on phytoplankton has longer gill rakers. Finally, eggs, larvae, and

adults of both species frequently occur together in the same area.
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Two hypothetical mechanisms can be advanced to explain the apparent

replacement of the sardine b}^ the anchovy:

1. Direct confrontation at some stage (s) in the life history, or

2. A sequence of events, mediated through the environment, that results

in the particular numerical balance between the species.

Marr (1961) postulated direct competition among larvae for food, i.e.,

direct confrontation. Isaacs (in press) has, indirectly, examined this hypothesis

by studying the co-occurrence and mortality of larvae of the two species. His

results indicate to me that the decline of the sardine is not associated with

increasing co-occurrence of sardine and anchovy larvae. Though this infor-

mation does not disprove direct confrontation, it does not support it.

It could be suggested that the two species might interact by consuming

each other's young. That is, the same mechanism advanced to explain com-

pensatory regulation of the sardine population could also act to restrict the

general level of both populations considered together. This could then be

carried one step further by postulating that under some environmental regimes

anchovies might drive down sardines b}^ preying more heavily on their larvae.

Again, there is no disproof, though neither Isaacs' observations nor the argu-

ment to be considered next offer support.

Sardine year class strength is negatively correlated with numbers of

anchovy larvae (fig. 16, r = -0.67, /><0.10). This may be due, in part at

least, to the decline of the sardine spawning stock, but there is no way to

remove the effect from the record except by expressing the sardine year class

as a fraction of the spawning stock. When this is done, there is no discernible

systematic relationship between this fraction and the numbers of anchovy

larvae.

There are, on the other hand, several lines of evidence that suggest there

has been no direct interaction of sufficient intensity to bring about the

decline of the sardine. In addition to the negative arguments just considered

there is the observation discussed on page 51 that the observed reduction

in the reproductive efficiency of the sardine during the period of the 1950's

can be accounted for by changes in growth rate and changes in the natural

mortality of the adults. These two changes in turn appear to be associated

with the change in dominance from the northern to the southern race. This

change is ascribable to the fishery.

An additional and perhaps a more compelling argument stems from con-

sideration of the recent history of the two populations (fig. 17). This

presentation suggests that the rise of the anchovy followed the decline of the

sardine rather than preceding or accompan3ang the decline. For example, in

1951 and 1952 the sardine stock was half a million tons and the anchovy

population is estimated at about one and one-half million tons. By 1956-1959

the sardine stock had only been reduced by another one-fourth million tons,
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Figure 16. Sardine year class size (table 18) as a function of the biomass of spawning

anchovies, as measured by the numbers of larvae taken.

but three million tons had been added to the anchovy population. Clearly,

there was a time lag involved.

Nonetheless, it seems reasonable and consonant with the evidence to ad-

vance the hypothesis that the two species are fundamentally competitors.

They occupy overlapping but not identical niches. Food seems to represent a

major area of overlap, and the energy-food considerations developed earlier

suggest food may be in short supply; and finally the size of the 1957-1959

anchovy population is about the same as the 1932 sardine population.

Even though it does not appear possible, at present, to identify the
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mechanism (s) involved in the interaction, these observations can be made
compatible with the competition hypothesis if it is advanced that the decline

of the sardine population, which was induced by the fishery, took place at a

greater rate than the anchovy population could grow. In 1932 there was an

enormous sardine population and, presumably, a small anchovy population.

We can assume that the combined populations were stressing their environ-

ment to an extent compatible with the well-being of the individuals, and

that the relative balance between them was a function of the overlap between

their niches and the relative magnitudes of their innate capacities to increase

\P dt J

Now, reduce the sardine population rapidly by fishing. Short life cycle

invertebrates might temporarily utilize the released food, i.e., the fugitive

species concept of Hutchinson (1951), but the anchovy population would be

expected to increase and eventually utilize the resource made available by the

decline of the sardine population. One interesting observation to this point

is that until the late 1950's the anchovy seemed confined to a few miles off-

shore, and certainly its spawning was centered there. Now, e.g., 1960, it

spawns far offshore (up to 200 miles) in a pattern similar to that formerly

characteristic of the sardine.

In the context of the Ricker model, the parameter P,- for the anchovy

population has been increased. In the case of the sardine, the parameter Pr,

which is a function of both the biology of the animal and its living space

including its competition, cannot be as large now that the anchovy population

has grown. This being the case, the present (1960) sardine population, even

if relieved of fishing pressure, would grow at a smaller rate than that predicted

by the population parameters prevailing during the 1932-1948 period before

the anchovy population became so large.

The problem of two competing species in the context of a resource (food)

in short supply has received formal treatment most recently by Larkin (1963).

The basic framework employed is analogous but not homologous to the sardine-

anchovy situation, just described, in that the equations do not allow for time

lags such as we have observed. Nevertheless, the theoretical analysis pre-

dicts the same sort of result that has been observed, supporting the qualitative

arguments, and can afford guidance with respect to the outcome of attempts

to alter the present "equilibrium" of the sardine and anchovy, e.g., reverse

the dominance.

Larkin used a computer to simulate two "competing" species and a

selective fishery. He used the classical competition model of Lotka-Volterra,

the equations for which are, in Larkin's notation:
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dt

dN2

dt

= ;'iA' 1 - CiiVi- - biNiNo

.

= r2N2 - a2N2- - b2NiN2.

The parameters are r, the intrinsic rate of natural increase which would be

approached if no limitations were placed on the increase in numbers of the

respective populations if they were living alone; a, the compensatory or

intraspecific reaction term; and b, the effect of each species on its competitor.

All of the parameters are assumed to be positive (or zero).

In the case of a multiple spawner, a fishery affects the model by reducing

r, i.e., by an amount related to the difference between potential reproduction

and actual reproduction, and, of course, by reducing N. The conclusions of

Larkin's study confirm those of other workers, e.g., Slobodkin (1962) and

D'Ancona (1954). Most pertinent to the problem at hand is the finding

that any exploitation schedule applied to one species in the presence of com-

peting species will produce results differing from those in a single species

system; e.g., the equilibrium level of the exploited species will always be

lower than if there were no competition. Not enough is known of the

sardine-anchovy system to evaluate the equations precisely, but the results

obtained by Larkin describe, in a general way, the history of the observed

system, and suggest it can be reversed.

It is worth noting that for populations in steady state, the interaction

constants must always be smaller than r. The maximum possible value of

bi is ri/No and of 62, r^/Ni. Therefore, if both populations are large, the

constants will be very small and low-level interaction can determine the

outcome. The possibility of observing this directly seems remote. Rather,

the research strategy must involve qualitative identification of interactions,

followed by observation of the integrated results of natural events or experi-

mental field treatments, e.g., altering harvest rates, that should affect them.

These can be supplemented by the observation of relatively very small

laboratory populations.

SOME PRACTICAL CONSIDERATIONS

A study such as this can guide society towards the most prudent way

to treat a resource if the natural system is sufficiently well understood to

permit predictions. Therefore, an attempt will be made to explore the

problems of obtaining a sustained harvest.

Initially, we can consider the two sardine populations, i.e., 1932-1948 and

1949-1957, without relation to each other or to possible interactions with

anchovies. The maximum sustained yield from each population can be

estimated from the Ricker functions which were evaluated without introducing
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adult density dependent natural mortality and growth. It occurs at the

population size where the reproduction curve has its maximum divergence from

the R/P = 1.0 line, i.e., where some line with a slope of +1 is tangent to the

Ricker line. This population size can be located graphically, or by solving

the following equation by iterative means:

(20) e^^r-^^^^Jl-~) = l.

In many situations, P for maximum sustained yield can be satisfactorily

estimated by P = -2F„, + 4P„r + 2P,„F,.. If the species spawns only once,

the maximum sustained yield is simply the difference between P and R at

the indicated population size. In a multiple spawning species, the computation

is more complex because an individual's potential for replacement can be

spread over several years if it is not caught.

The procedure adopted was as follows. The values of R, or potential

reproduction for maximum sustained yield, were obtained from the Ricker

equations (figs. 9 and 10). These curves were based on a mortality schedule

and growth schedule that did not involve fishing mortality. The imposition

of fishing mortality too will reduce R below the value of potential reproduction.

The approach, then, was to find by iteration a total mortality schedule that

would exactly reduce to the equilibrium value the potential reproduction

predicted by the Ricker function, i.e., when R/P = 1. The difference between

the derived Z's and the natural mortality coefficient is the fishing mortality

coefficient, and from this the maximum sustained harvest can readily be

calculated. It is, as expected, always less than the difference between the

spawning stock biomass (P) and the potential reproductive biomass (R).

Two other minor computational complexities are involved. The fishing

mortality of 2-year-old fish was computed as 0.557 times the rate for older

fish for the period 1932-1948, and 0.290 for the later period (tables 11 and

12). The second adjustment was made to overcome the fact that the predicted

potential reproduction from the Ricker model is, in a sense, a geometric

mean because of the procedure used in estimating the parameters of the

function. While it represents the most probable value of R at each level

of P, it will be less than the arithmetic value (Ricker, 1958a). The latter

is the value pertinent to the fishery. Therefore, correction factors based

on Jones' (1956) equation for the relation between the arithmetic and geo-

metric mean, easily computed from the variance of the common logarithms

of the potential 7?'s, were applied to the estimated maximum sustained yield.

The correction is 1.22 times for the earlier period and 1.11 times for the later

one.

For the earlier period, the estimated population for a maximum sustained

yield was 975,000 tons, and the yield was 470,600 tons annually. During
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the 1937-1945 period when the population was near that expected to yield the

maximum catch, i.e., 1,000,000 tons, the actual average annual harvest was
570,240 tons. This suggests that the population was "overharvested" by
about 20 per cent. Thus, it seems clear that the population was overfished in

an economic sense, and overfished in a biological sense, too, in that the

heavy mortality induced by the fishery removed the "cushion" against poor

spawning success provided by the older fish.

For the later period, that involving the 1949 and subsequent year classes,

a maximum sustained yield of about 57,000 tons would have been provided

by a population of about 178,000 tons. The average harvest during the

1954-1958 period was 73,000 tons. Again, there is a clear indication of

overfishing, reinforced by the apparent continuing decline of the population.

By 1959, the population had declined to 190,000 tons from 668,000 tons in

1954, and the more recent record suggests it is now (1963-1964) close to

100,000 tons. Two factors must be considered in interpreting the 1949-

1957 results. First, the basis of the computed population parameters for this

period involves some uncertainties as to detail, particularly in 1949-1950,

and the estimates are based on very few years.

The problem of the reality of a maximum sustained yield in a fluctuating

environment was first considered by Ricker (1958b) and later reexamined

by Larkin and Ricker (1964). For populations fitting the Ricker function

described above, they found that if the rate of exploitation is held constant

at that which is predicted to give the maximum sustained yield, the average

catch over a period of years will approximate the expected catch, despite

randomly generated variation larger than that observed for the sardine. The
yield, of course, fluctuates widely from year to year. They also found that

the yield could be increased beyond the predicted by allowing just the requisite

spawning each year. This would involve no fishing in some years and extra

fishing in others. Their studies were based on single spawners. A multiple

spawning population introduces complexities in detail but not in principle.

The possibility that good and bad years are not random events (discussed

earlier) in the sardine environment adds another complication.

Ricker and Larkin did not consider an unregulated fishery such as that

for the sardine. If fishing pressure is too intense, the population size will

not oscillate around the one giving the maximum sustained yield, but will

fall to some lower level. If the lower population level is accompanied by a

contraction of range that maintains the relative accessibility of the popu-

lation, fishing mortality rates will tend to increase or remain stable and the

population will be forced to an even lower level during the next sequence

of poor spawn survival. This seems to be essentially what took place in the

1932-1948 period, and, in view of the exceedingly high fishing rates m
1958-1960 (table 12), may be what is taking place today.
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Table 20. Age structure of the spawning population at two different levels of fishing.

Half of the 2-year-old fish are considered to spawn.
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the California Current system because of competition from other species.

The exploratory studies of Larkin (1963) offer some practical guidance, for

they show that appropriate harvest schedules applied to both species can

result in maintaining both in large numbers, while maximizing the combined

yield. It might be argued that some third species would then emerge as

significant, but it seems likely that this third species would be similar in

habits to the sardine and anchovy, and, thus, also harvestable. If this process

were carried to the limit, however, the ocean might ultimately be populated

by organisms with very short life cycles. In general, these are small, and of

little use to man at the present time. Thus, the intelligent use of living

resources by man must be based on a thorough understanding of the total

ecology of the communities involved, and it is unlikely that this would be

dominated by any single environmental factor.

The question of whether the observed decline of the sardine could have

happened naturally in an un fished population also has practical and ecological

significance. The sardine is, in a sense, imperfectly adjusted to its environ-

ment, as demonstrated by the record of spawning success (fig. 9), w^hich shows

violent fluctuations with about half the year classes only half as large as

predicted by the Ricker model, and, more to the point, well below the

equilibrium line. If the probability of a year class being below the equilibrium

line is 0.5, on the basis of random expectation, ten such events in sequence

will have an expectation of occurrence of one every 2,048 years, on the basis

of probability theory. Such a sequence, presumably a response to density

independent factors in the ocean environment, would drastically reduce even

a relatively long-lived unfished sardine population. Such a decline could

then occur naturally over a reasonably short time span. Would it have occurred

during this period? This can never be answered with certainty for obvious

reasons. However, the 1932-1948 reproduction record (fig. 9) suggests the

population could have been maintained at the level of maximum yield had

fishing pressure been adjusted appropriately. The 1949-1957 record (fig. 10)

cannot be brought to bear because the population was qualitatively different

from the previous period. Finally, though the density independent variations

in reproductive success are almost certainly a function of the environment,

it has not yet been learned what environmental factors are important. Tem-

perature, for example, is not related in any obvious way to reproductive success.

Perhaps more to the point, the population has declined fairly steadily since

1932. The natural environment has varied widely. The only constant factor

has been steady fishing pressure. Perhaps the only completely defensible

conclusion is that a species with a large environment-induced element in its

reproductive dynamics can be more easily overfished than one whose re-

productive success is closely governed by density dependent processes.

The anchovy, on the other hand, might be considered better adjusted to
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the changing environment than the sardine. It is a much shorter-lived

species; in the virtually unfished stock, individuals over 4 years of age are rare

and 7 years seems to be the greatest age (Miller, 1956). With so few ages

comprising the population, the species must be less tolerant of wide fluctuations

in spawning success, i.e., be more closely controlled by density dependent

processes. The relatively steady rise of the anchovy population (table 19)

in the face of much environmental variation suggests that this is so. This

relative stability, i.e., never spectacularly good nor spectacularly poor year

classes, may also have been a factor in the relatively slow replacement of

the sardine by the anchovy.

Given these properties of the two species even in the absence of a fishery,

a series of poor years for the sardine might allow the anchovy to preempt

much of the energy supply in the environment and in so reducing the environ-

ment for the sardine, reduce the size of its maximum equilibrium level (P,)-

Once the sardine population was seriously reduced, it would take a series of

very good years for the sardine to reestablish itself as the dominant form.

If these speculations are correct, the anchovy might provide the basis for

a more stable yield than the sardine. It also seems quite likely that reducing

the anchovy population somewhat by fishing would result in a resurgence of

the sardine, providing the fishing for the sardine was reduced to a level that

would permit the population to grow.

DISCUSSION OF OTHER STUDIES

As already indicated, there have been several recent attempts to explore

the population biology of the Pacific sardine and to ascertain the causes of

the decline, or at least apportion the relative effect of the fishery and events in

nature. All of these studies, including the present, agree on the obvious; that

is, removals were greater than replacements. All of the previous studies are

based on virtual population estimates, accounting for many of the differences

between their conclusions and those of the present study.

Radovich (1962) assumed a parabolic relation between stock size and

year class size. This involves an assumption of zero reproduction at zero

stock size which is realistic, and zero reproduction at some larger stock size

which is not realistic. In addition, symmetry is assumed, which, especially

since year class size instead of rate of population growth is under consideration,

remains unevaluated. Further, he used the virtual population and numbers

of fish (instead of biomass), both of which induce serious underestimation

of the population during the early years when fishing effort was low and the

population was comprised of older fish.

Despite the lack of a theoretical basis of the model used by Radovich and

use of the virtual population uncorrected for biomass, at least one important

conclusion is compatible with this study. That is, maximum reproduction
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is obtained at the stock size prevailing during the 1937-1939 period, a con-

clusion also reached by Clark in Clark and Marr (1955) by simply inspecting

the data.

Another conclusion of Radovich at variance with this study concerns

genetic races. Two have been identified, and a severe reduction of one (the

northern) was associated in this study with the change in the population

associated with the recruitment of the 1949 year class. Though he had no

direct evidence, Radovich proposed that the collapse of the Oregon-Washing-

ton-British Columbia fishery after 1948 was associated with the collapse of

yet a third race. It is impossible to fully refute such an argument. One
can only observe that the tag returns have not been analyzed in a way that

supports the assertion of a third stock. Finally, it is not necessary to invoke

a third race to explain the collapse of the northern fishery. Based on popu-

lation size and age composition in 1949 and 1950, as compared to its size

and age composition during earlier years, together with the age composition

of the Pacific Northwest catches, the maximum expected catch during 1949

and 1950 would have been no larger than 2,000 tons, hardly enough to activate

an industry geared to over 50,000 tons. Thus, the observed quantitative

changes in the population offer a sufficient explanation of events without

introducing the undocumented qualitative change in the population proposed

by Radovich (1962).

Marr (1960, 1963) has also considered the dynamics of the sardine

population. The portions of his 1960 paper under consideration here have

been expressed in his 1963 paper. Marr is in general agreement with this

study with respect to the course of events, i.e., decline of the northern race

first, but he holds that "... this series of small year-classes resulted from

an unfavorable oceanographic regime, rather than a reduction in the size of

the spawning population." He further holds that "... the unfavorable

environment (reduced temperatures) is mediated through competition with

the northern anchovy." More specifically, he holds that a year (before the

onset of spawning) that is cool disadvantages the sardine by presumably

delaying its spawning relative to the anchovy which spawns at about 2° C.

lower temperatures, thus placing the sardine larvae at a competitive dis-

advantage.

This is not necessarily so. Presumably the anchovy will always tend to

spawn first whatever the temperature regime, i.e., warmer or cooler than

average. In fact, in the absence of evidence it could be argued that the dif-

ference in spawning temperature reduces competition between the species.

The hypothesis is also open to question from scaler considerations. Marr's

annual temperature index (which reflects the entire year) only varies by

plus or minus 5 per cent. His year classes vary over three orders of magni-

tude. It seems more logical, a priori, to expect a species to evolve mechanisms



74 CALIFORNIA ACADEMY OF SCIENCES [Proc. 4th Ser.

that filter out the effect of environmental variations rather than amplify

them. Even during the coldest year of his series there were only 2 months

(January and February) when temperatures were below the threshold of the

sardine. Finally, there is the empirical evidence that 3 very warm years

in series (1957, 1958, and 1959) resulted in year classes of the same order,

relative to stock size, as the preceding cold years. Thus, the long series of

poor year classes (1949-1963) at small stock sizes in the face of a varying

oceanic climate suggests that Marr's conclusion that year class size is in-

dependent of stock size is untenable.

There is no question that the environment has induced large variations

in spawning success. There is also no question that the one environmental

factor that has remained constant throughout the decline has been continued

heavy fishing pressure. There is also no question that the anchovy has risen

to replace the sardine in the ecosystem. This fact alone strongly suggests

that the niches of the two species overlap a great deal. In this respect the

suggestions of Marr and other workers that the two species interact is realistic.

It is also realistic to conclude that the development of a large anchovy popu-

lation has altered the environmental framework of the sardine so that the

dynamics of that population are now different from those prevailing prior

to 1955. It is interesting to note that man can easily alter both of these

"environmental parameters," i.e., fishing pressure on the sardine and the

size of the anchovy population, and thus experimentally test these hypotheses.

The final major recent study is that of MacGregor (1964). He used the

virtual population as a basis for study. It is pertinent to comment on two

aspects of his study here. One, explicitly considered by MacGregor, is his

finding of significant negative correlations between stock size and year class

size. The other is the existence of cycles, discussed by MacGregor.

None of the correlations presented by MacGregor are significant when

the population estimates developed in this study are used. The difference,

of course, must rest in the basis of the two series of population estimates.

This can be readily demonstrated by considering the two negative correlations

involving 1932 and subsequent years (MacGregor, table 3). Fishing effort

(and mortality) was increasing from 1932 to 1936 (table 11, this paper),

causing the virtual technique to grossly underestimate the spawning popu-

lation (relative to later years) and to a lesser extent the 1932 and 1933 year

classes. This, for example, leads to associating a large 1932 year class with

a small 1932 spawning stock, whereas the estimates developed in this study

relate a large spawning stock to a large year class. MacGregor's third

significant negative correlation (/> = 0.01) involves the years 1945-1950. A
suggestion of negative correlation is also evident in the estimates of this

paper (figs. 9 and 10), but a positive association exists over the years 1941-

1946. The principal source of difference between MacGregor's 1945-1950
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series and mine lies in the 1949 and 1950 x^ear classes which were quite

unavailable to the fishery during their second and third years of life and

thus grossly underestimated by the virtual technique.

MacGregor, accepting his negative correlations of stock size and year

class size, concludes that stock size is determining year class size during all

years except the few that separate his sets of negative correlations. He
apparently assumes that these transition years are periods during which

qualitative changes in the population occurred. The results of this study do

not support these conclusions. The only qualitative change in the population

that was identified is that associated with the recruitment of the 1949 year

class, and, as already indicated, MacGregor's sets of negative correlations

cannot be generated from the population estimates of this study. Apart from

the general relations of stock size and year class size depicted by the computed

Ricker lines (figs. 9 and 10), the variation in year class size is more probably

ascribable to the environment.

MacGregor suggests his negative correlations and the attendant suggestion

of cycles (see figures 3 and 11) may be an example of the self-generated cycles

described by Ricker (1954). This seems untenable from the results of this

study. Nevertheless, there is a hint of cyclic variation in year class size

(fig. 8). The major periods are 4, 10, 5, and 5 years in length (trough-to-trough

starting with 1930). These periods are neither regular nor do they correspond

well with twice the mean age of the spawning stock, e.g., 4 years in 1932 and

3.6 years in 1950. Although it cannot be shown how, nor can the regime(s)

be identified, it seems more likely that these "cyclic" perturbations in year

class strength that are independent of spawning stock size are associated

with trends in the ocean environment. The ocean environment fluctuates, and

the deviations persist for periods similar to the length of the cycles noted

above. For example, 1948 to 1956 (9 years) were persistently cool off Cali-

fornia and 1957-1959 (3 years) were abnormally warm. (However, temperature

changes, at least the simple published indices, have not been linked with the

changes in spawning success in any meaningful way.)

SUMMARY AND CONCLUSIONS

1. The catch of the Pacific sardine rose from 28,000 tons in 1916 to

nearly 800,000 tons in 1936. This growth can be attributed to an increasingly

intensive fishery. After a period of relative stability which ended in 1945,

the landings diminished until today (1964) they are on the order of 20,000

tons. The decline in landings was largely a function of a shrinking population.

2. In order to extract estimates of population size from the catches and

other data, a new method of solving the catch equation was devised. This

method overcomes the effect of the varying availability of the population to

the fishery from year to year, a difficulty that had heretofore hindered critical
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examination of the population. The method also provides a framework to

which all of the available information on population size can be related. The

formal solution requires, in addition to aged landings, only two additional

sources of information, e.g., two independent estimates of the fishing mortality

coefficient for any set of years. The advantages of applying this method are

that it removes the effect of several biases from the data, and perhaps most

important provides estimates of absolute, as opposed to relative, abundance.

3. The method was applied to the sardine catch statistics for the years

1932 to 1960. In the course of analyzing these statistics, together with con-

sideration of all other available information, it became evident that

the parameters of the population changed appreciably beginning with the

recruitment of the 1949 year class to the spawning population. The qualitative

change associated with the change in parameters was the reversed dominance

of the two races comprising the population. Previous to the recruitment of

the 1949 year class the northern race dominated; afterwards the southern

race dominated.

4. For the earlier period (1932-1948), the two extra degrees of freedom

used in computation were a value for the natural mortality coefficient of 0.40,

and a value of the fishing mortality coefficient for 1950 of 0.79. The natural

mortality value was derived from several analytical considerations. The
fishing mortality was derived by a survey-catch analysis.

5. For the later period (1949-1960) the extra information was derived

from egg-survey estimates of the population for the years 1954 to 1958, and

from the trend evidenced by these surveys. A natural mortality coefficient

of 0.80 was the best estimate.

6. The solutions of population size (numerical and biomass), and the

attendant fishing and natural mortality coefficients were shown to be consonant

with all other information on the population, e.g., the results of tagging

experiments. The population was almost 4 million tons in 1932 and less than

200,000 tons in 1959.

7. The relation between spawning stock size and reproductive efficiency

was examined using the Ricker function. The equilibrium value of the

population was estimated at 2.4 X 10^ tons. This analysis showed that it is

improbable that the population would have declined in the absence of fishing,

whereas the fishing rates applied to the population lowered reproduction to an

extent that a decline was inevitable.

8. The qualitative change in the population attending the recruitment

of the 1949 year class was associated with a markedly reduced population

comprised of few age-classes. There was a "reproductive failure" of the northern

race during 1949 and, possibly, 1950. This race, lacking the resilience supplied

by older fish, then collapsed.

9. The sardine population at 1932 levels was an important, if not the
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dominant, consumer of energy in the California Current system. Its collapse

was followed by a marked increase in the northern anchovy so that now
(1957-1959) it appears to have replaced the sardine. Its population is estimated

at 4.8 million tons (the sardine was about 4.0 in 1932), and as its energy

requirements are the same, its role in the energy budget must be similar.

10. The maximum sustainable yield of the pre-1949 population was

471,000 tons at a spawning population size of about one million tons. During

this period the catch averaged 570,000 tons. In addition, the heavy fishing

left too few older individuals to "cushion" the population against reproductive

failures.

11. Apart from the general relation between population size and year class

size, there is variation in spawning success that cannot be associated with

spawning-stock size. This is in the order of 7 X at a given stock size. This

variation is nearly as large as that that can be associated with population

size. The latter is about 9 X, associated with an 18 X range in population size

(1932-1957).

12. The maximum sustainable yield for the present population is 57,000

tons at a population of 178,000 tons. The present population was also over-

fished, and apparently continues to be.

13. The rise of the anchovy was apparently in response to the environ-

mental void created by the decline of the sardine. If this is so, the validity

of a sustainable yield of sardines can be questioned, for the reduced sardine

population required to generate the yield would also release resources to

the anchovy. The subsequent increase of the anchovy would surely alter

the parameters of the sardine population in such a way as to reduce the

maximum sustainable yield. As a converse, the present situation is not

likely to alter rapidly, even if sardine fishing is stopped, unless man or nature

acts to reduce the anchovy population somewhat. It appears that judicious

utilization of all ecologically similar species within a trophic level offers the

only hope for sustained yields.
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APPENDIX 1.

Estimation of Age Distribution of 1938 Catch

Materials for age determination, i.e., scales or otoliths, were not taken

during 1938. Length frequency and weight data were taken. From these

and the total tonnage the total numbers in the catch have been estimated.

Wolf (1961) attempted to estimate the age composition from a modal analysis

of the length frequency distribution. His results in millions together with the

age distribution of the adjacent years are as follows:

Year
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for reexamining Wolf's estimate of the incompletely recruited 2-year-olds,

his value was retained. It is worth noting that his value is consistent with

the strength of that year class in subsequent years.

In interpreting the results of this procedure, i.e., r values and population

values for 1938, it is clear that the r value is an artifact. The population of

3-year-olds and older is correct if the assumption that the border values (1937

and 1939) provided a valid estimate of the true relative age composition in

1938, because the abundance estimate is controlled by their measured

abundance in 1937 and 1939. The estimate of the 2-year-olds is dependent

on the validity of Wolf's estimate. The 1-year-olds do not enter the analyses.

LITERATURE CITED

.\hlstrom, E. H.

1948. A record of pilchard eggs and larvae collected during surveys 1939 through 1941.

United States Fish and Wildlife Service, Special Scientific Report—Fisheries,

no. 54, pp. 1-82.

1954. Distribution and abundance of egg and larval populations of the Pacific sardine.

United States Fish and Wildlife Service, Fishery Bulletin, no. 93, pp. 83-140.

19S9a. Distribution and abundance of eggs of the Pacific sardine. United States Fish

and Wildlife Service, Fishery Bulletin, no. 165, pp. 185-213.

1959b. Sardine eggs and larvae and other fish larvae, Pacific Coast, 1957. United States

Fish and Wildlife Service, Special Scientific Report—Fisheries, no. 328, pp.

1-99.

1960. Synopsis on the biology of the Pacific sardine (Sardinops caerulea) . Proceedings

of the World Scientific Meeting on the Biology of Sardines and Related

Species, vol. 2, pp. 415-451.

Anscombe, F. J.

1948. The transformation of Poisson, binomial and negative binomial data. Bio-

metrica, vol. 35, pp. 246-254.

Arthur, D. K.

1956. The particulate food and food resources of the larvae of three pelagic fishes,

especially the Pacific sardine, Sardinops caendea. Ph.D. thesis, University of

California, Scripps Institution of Oceanography, 321 pp.

Baxter, J. L.

1960. A study of the yellowtail Seriola dorsalis (Gill). California Department of Fish

and Game. Fishery Bulletin, no. 110, pp. 1-96.

Berxer, L., Jr.

1959. The food of the larvae of the northern anchovy, Engraulis iiwrdax. Inter-

American Tropical Tuna Commission Bulletin, vol. 4, no. 1, pp. 1-22.

Bevertox, R. J. H., and S. J. Holt

1956. The theory of fishing. In: M. Graham (ed.). Sea Fisheries. Edward Arnold

Ltd., London, pp. 372-441.

1957. On the dynamics of exploited fish populations. Ministry of .Agriculture Fisheries

and Food, Fishery Investigations, United Kingdom, vol. 19, ser. 2, pp. 1-533.

1959. A review of the lifespans and mortality rates of fish in nature, and their relation

to growth and other physiological characteristics. Ciba Foundation Symposijim

on the Lifespan of .'\nimals, pp. 142-177.



80 CALIFORNIA ACADEMY OF SCIEXCES [Proc. 4th Ser.

Bishop, Y. M. M.
1959. Errors in estimates of mortality obtained from virtual populations. Journal

of the Fisheries Research Board of Canada, vol. 16, no. 1, pp. 73-90.

Broadhead, G. C, and I. Barrett

1964. Some factors affecting the distribution and apparent abundance of yellowfin

and skipjack tuna in the eastern Pacific Ocean. Inter-American Tropical Tuna

Commission Bulletin, vol. 8, no. 8, pp. 419-473.

California Cooperative Oceanic Fisheries Investigations

1961. Reports, vol. 8, pp. 1-130.

California Department of Fish and Game
1961. Supplement No. 1 (May 1961) to an annotated bibliography of research in

economically important species of California fish and game, pp. 1-54.

1962. Supplement No. 2 (July 1962) to an annotated bibliography of research in

economically important species of California fish and game, pp. 1-71.

Chapman, D. G., and G. I. Murphy
1965. Estimation of mortality and population from survey-removal records. Biometrics,

vol. 21, no. 4, pp. 921-935.

Clark, F. N.

1928. The weight -length relationship of the California sardine at San Pedro. Cali-

fornia Division of Fish and Game, Fishery Bulletin, no. 12, pp. 1-58.

1934. Maturity of Cahfornia sardine determined by ova diameter measurements. Cali-

fornia Division of Fish and Game, Fishery Bulletin, no. 42, pp. 1-49.

1936. Interseasonal and intraseasonal changes in size of the California sardine {Sar-

dinops caerulea) . California Division of Fish and Game, Fishery Bulletin,

no. 47, pp. 1-28.

1939. Measures of the abundance of the sardine Sardinops caerulea, in California

waters. Cahfornia Division of Fish and Game, Fishery Bulletin, no. 53,

pp. 1-45.

1947. Analysis of the populations of the Pacific sardine on the basis of vertebral

counts. California Division of Fish and Game, Fishery Bulletin, no. 65, pp. 1-26.

1952. A review of the California sardine fishery. California Fish and Game, vol. 38,

no. 3, pp. 367-380.

1956. Average lunar month catch of .sardine fishermen in southern California, 1932-33

through 1954-55. Cahfornia Fish and Game, vol. 42, no. 4, pp. 309-322.

Clark, F. N., and A. E. Daugherty

1952. Average lunar month catch by California sardine fishermen, 1949-50 and 1950-51.

California Fish and Game, vol. 38, no. 1, pp. 85-97.

Clark, F. N., and J. F. Janssen, Jr.

1945. Movements and abundance of the sardine as measured by tag returns. California

Division of Fish and Game, Fishery Bulletin, no. 61, pp. 7-42.

Clark, F. N., and J. C. Marr

1955. Population dynamics of the Pacific sardine. Cahfornia Cooperative Oceanic Fish-

eries Investigations, Progress Report 1 July 1953 to 31 March 1955, pp. 11-48.

D'Ancona, U.

1954. The struggle for existence. Brill, Leiden, pp. 1-274.

Davies, D. H.

1957. The South African pilchard (Sardinops ocellata). Preliminary report on feeding

off the west coast 1953-56. Investigational Report, Division of Fisheries,

Union of South Africa, no. 30, pp. 147-184.



Vol. XXXIV] MURPHY: PACIFIC SARDINE POPULATION BIOLOGY 81

Felin, F. E., R. Anas, A. E. Daugherty, and L. Pinkas

1952. Age and length composition of the sardine catch off the Pacific Coast of the

United States in 1951-52. California Fish and Game, vol. 38, no. 3, pp. 427-435.

Felin, F. E., and J. B. Phillips

1948. Age and length composition of the sardine catch off the Pacific Coast of the

United States and Canada, 1941-42 through 1946-47. California Division of

Fish and Game, Fishery Bulletin, no. 69, pp. 1-122.

Fry, F. E. J.

1949. Statistics of a lake trout fishery. Biometrics, vol. 5, no. 1, pp. 27-67.

Gates, D. E., and R. S. Wolf
1962. Age and length composition of the sardine catch off the Pacific Coast of the

United States and Mexico in 1950-60. CaUfornia Fish and Game, vol. 48,

no. 4, pp. 232-242.

Hand, C. H., and L. Berner, Jr.

1959. Food of the Pacific sardine {Sardinops caerulea). United States Fish and Wild-

life Service, Fishery Bulletin, no. 164, pp. 175-184.

Hart, J. L.

1943. Tagging experiments on British Columbia pilchards. Journal of the Fisheries

Research Board of Canada, vol. 6, no. 2, pp. 164-182.

1944. Pilchard-tagging and pilchard-tag recovery from 1936 to 1943. Report of the

Provincial Fisheries Department, British Columbia, 1943, pp. 43-52.

Holt, S. J.

1960. A prehminary comparative study of the growth maturity and mortality of

sardines. Proceedings of the World Scientific Meeting on the Biology of

Sardines and Related Species, Food and Agricultural Organization of the

United Nations, Rome, Italy, vol. 2, pp. 553-561.

HUBBS, C. L.

1925. Racial and seasonal variation in the Pacific herring, CaUfornia sardine and

California anchovy. California Department of Fish and Game, Fishery Bul-

letin, no. 8, pp. 1-23.

Hutchinson, G. E.

1951. Copepodology for the ornithologist. Ecology, vol. 32, pp. 571-577.

Isaacs, J. D.

1965. Larval sardine and anchovy interrelationships. California Cooperative Oceanic

Fisheries Investigations, Reports, vol. 10, pp. 102-140.

Janssen, J. F., Jr.

1948. Summary of recovery of California sardine tags on the Pacific Coast. California

Fish and Game, vol. 34, no. 1, pp. 3-10.

Jones, R.

1956. The analysis of trawl haul statistics with particular reference to the estimation

of survival rates. Rapport et Proces-Verbaux des Reunions Conseil Permanent

International pour L'Exploration de la Mer, vol. 140, no. 1, pp. 30-39.

Larkin, p. a.

1963. Interspecific competition and exploitation. Journal of the Fisheries Research

Board of Canada, vol. 20, no. 3, pp. 647-678.

Larkin, P. A., and W. E. Ricker

1964. Further information on sustained yields from fluctuating environments. Journjil

of the Fisheries Research Board of Canada, vol. 21, no. 1, pp. 1-7.



82 CALIFORNIA ACADEMY OF SCIENCES [Proc. 4th Ser.

MacGregor, J. S.

1957. Fecundity of the Pacific sardine (Sardinops caerulea). United States Fish and

Wildlife Service, Fishery Bulletin, no. 121, pp. 427-449.

1964. The relation between spawning-stock size and year-class size for the Pacific

sardine. United States Fish and Wildlife Service, Fishery Bulletin, vol. 63, no.

2, pp. 477-491.

Marr, J. C.

1960. The causes of major variations in the catch of the Pacific sardine Sardinops

caerulea (Girard). Proceedings of the World Scientific Meeting on the Biology

of Sardines and Related Species, Food and Agricultural Organization of the

United Nations, Rome, Italy, vol. 3, pp. 667-791.

Miller, D. J.

1956. Anchovy. California Cooperative Oceanic Fisheries Investigations, Progress

Report, 1 April 1955-30 June 1956, pp. 20-26.

Murphy, G. I.

1961. Oceanography and variations in the Pacific sardine population. California Co-

operative Oceanic Fisheries Investigations, Reports, vol. 8, pp. 55-64.

1965. A solution of the catch equation. Journal of the Fisheries Research Board of

Canada, vol. 22, no. 1, pp. 191-202.

Nakai, Z.

1960. Changes in the population and catch of the Far East sardine area. Proceedings

of the World Scientific Meeting on the Biology of Sardines and Related

Species, Food and Agricultural Organization of the United Nations, Rome,

Italy, vol. 3, pp. 807-853.

Palohelmo, J. E.

1958. A method of estimating natural and fishing mortalities. Journal of the Fisheries

Research Board of Canada, vol. IS, no. 4, pp. 749-758.

1961. Studies on estimation of mortalities. I. Comparison of a method described by

Beverton and Holt and a new linear formula. Journal of the Fisheries Re-

search Board of Canada, vol. 18, no. 5, pp. 645-662.

Phillips, J. B.

1948. Growth of the sardine, 1941-42 through 1946-47. California Division of Fish

and Game, Fishery Bulletin, no. 71, pp. 1-33.

Radovich, J.

1952. Report on the young sardine, Sardinops caerulea, in California and Mexican

waters, 1950 and 1951. California Division of Fish and Game, Fishery Bul-

letin, no. 87, pp. 31-63.

1962. Effects of sardine spawning stock size and environment on year class production.

California Fish and Game, vol. 48, no. 2, pp. 123-140.

Reid, J. L., Jr.

1962. On circulation, phosphate-phosphorus content, and zooplankton volumes in the

upper part of the Pacific Ocean. Limnology and Oceanography, vol. 7, no. 3,

pp. 287-306.

Reid, J. L., Jr., G. I. Roden, and J. G. Wyllie

1958. Studies of the California current system. California Cooperative Oceanic Fisheries

Investigations, Progress Report 1 July 1956-1 January 1958, pp. 27-56.

RiCKER, W. E.

1944. Further notes on fishing mortality and effort. Copeia, no. 3, pp. 23-44.

1954. Stock and recruitment. Journal of the Fisheries Research Board of Canada,

vol. 2, no. 5, pp. 559-623.



Vol. XXXrV]JfURPHY: PACIFIC SARDIXE POPULATIOX BIOLOGY 83

1958a. Handbook of computations for biological statistics of fish populations. Journal

of the Fisheries Research Board of Canada, no. 119, pp. 1-300.

1958b. Maximum sustained yields from fluctuating environments and mixed stocks.

Journal of the Fisheries Research Board of Canada, vol. 15, no. 5, pp. 991-1006.

Ros.A. H., and G. I. Murphy (Eds.)

1960. Proceedings of the World Scientific Meeting on the Biology of Sardines and
Related Species, Food and Agricultural Organization of the United Nations,

Rome, Italy, vol. 1, pp. 1-54; vol. 2, pp. 55-623; vol. 3, pp. 624-1386.

SCH.AEFER, M. B.

1954. Some aspects of the dynamics of populations important to the management of

the commercial marine fisheries. Inter-American Tropical Tuna Commission
Bulletin, vol. 1, no. 2, pp. 27-56.

ScHAEFER, M. B., O. E. Sette, and J. C. Marr
1951. Growth of the Pacific Coast fishery to 1942. United States Fish and Wildlife

Service, Research Report, no. 29, pp. 1-31.

Scheuermann, W. F.

1958. An annotated bibliography of research in economically important species of

California fish and game. California Legislative Assembly Interim Committee
Report, vol. 5, no. 5, pp. 1-271.

SCOFIELD, E. C.

1934. Early life history of the California sardine (Sardmops caenilea) with special

reference to the distribution of eggs and larvae. California Division of Fish

and Game, Fishery Bulletin, no. 41, pp. 1-48.

Sette, O. E.

1926. Samphng the CaHfornia sardine: A study of the adequacy of various systems

at Monterey. California Division of Fish and Game, Fishery Bulletin, no. 11,

pp. 67-123.

1943. Biology of the Atlantic mackerel (Scomber scombrus) of North America. United

States Fish and Wildlife Service, Fishery Bulletin, no. 38, pp. 149-237.

1960. The long term historical record of meteorological, oceanographic, and biological

data. California Cooperative Oceanic Fisheries Investigations, Reports, vol.

7, pp. 181-194.

Sette, O. E., and E. H. Ahlstrom

1948. Estimation of abundance of the eggs of the Pacific pilchard {Sardmops caenilea)

off Southern California during 1940 and 1941. Journal of Marine Research,

vol. 7, no. 3, pp. 511-542.

SlLLIMAN, R. p.

1943. Studies on the Pacific pilchard or sardine (Sardinops caenilea). 5. A method
of computing mortalities and replacements. United States Fish and Wildlife

Service, Special Scientific Report, no. 24, pp. 1-10.

1945. Determination of mortality rates from length frequencies of the pilchard or

sardine, Sardinops caenilea. Copeia, no. 4, pp. 191-196.

1946. A study of variability in plankton tow net catches of Pacific pilchard {Sardinops

caenilea) eggs. Journal of Marine Research, vol. 6, no. 1, pp. 74-83.

Slobodkin, L. B.

1962. Growth and regulation of animal populations. Holt, Rinehart, and Winston,

New York, pp. 1-184.

Sprague, L. M., and A. M. Vrooman
1962. A racial analysis of the Pacific sardine {Sardinops caenilea) based on studies



84 CALIFORNIA ACADEMY OF SCIENCES ^Proc. 4th Ser.

of erythrocyte antigens. Annals of the New York Academy of Sciences, vol.

97, pp. 131-138.

Taft, B. a.

1960. A statistical study of the estimation of abundance of sardine (Sardinops caerulea)

eggs. Limnology and Oceanography, vol. S, no. 3, pp. 245-264.

Thrailkill, J. R.

1956. Relative area! zooplankton abundance off the Pacific Coast. United States Fish

and Wildlife Service, Special Scientific Report—Fisheries, no. 188, pp. 1-85.

Vrooman, a. M.
1964. Serologically differentiated subpopulations of the Pacific sardine, Sardinops

caerulea. Journal of the Fisheries Research Board of Canada, vol. 21, no. 4,

pp. 691-701.

Wheeler, G. C.

1931. A bibliography of the sardines. California Department of Fish and Game, Fish-

ery Bulletin, no. 36, pp. 1-135.

WiDRIG, T. M.
1954. Method of estimating fish populations, with application to Pacific sardine. United

States Fish and WildHfe Service, Fishery Bulletin, no. 94, pp. 141-166.

WiSNER, R. L.

1961. Evidence of a northward movement of stocks of the Pacific sardine based on

the number of vertebrae. California Cooperative Oceanic Fisheries Investiga-

tions, Reports, vol. 8, pp. 75-82.

Wolf, R. S.

1961. Age composition of the Pacific sardine. United States Fish and WildHfe Service,

Research Report, no. 53, pp. 1-36.

Wolf, R. S., and A. E. Daugherty

1961. Age and length composition of the sardine catch off the Pacific Coast of the

United States and Mexico in 1958-59. California Fish and Game, vol. 47, no.

3, pp. 273-285.

1963. Age and length composition of the sardine catch off the Pacific Coast of the

United States and Mexico in 1960-61. California Fish and Game, vol. 49, no.

4, pp. 290-301.

Yamanaka, I.

1960. Comparative study of the population size of Japanese and California sardine.

Proceedings of the World Scientific Meeting on the Biology of Sardines and

Related Species, Food and Agricultural Organization of the United Nations,

Rome, Italy, vol. 3, pp. 1151-1191.



PROCEEDINGS

OF THE

CALIFORNIA ACADEMY OF SCIENCES

FOURTH SERIES

^ol. xkxiV, No. 2, pp. 85-234; 197 figs.; .September 19, 1966

EFFERIA COQUILLETT IN AMERICA NORTH
OF MEXICO (DIPTERA: ASILIDAE)

By

J. Wilcox

21171 Mohler Place, Anaheim, California

Research Associate, California Academy of Sciences



m



PROCEEDINGS
OF THE

CALIFORNIA ACADEMY OF SCIENCES
FOURTH SERIES

Vol. XXXIV, No. 2, pp. 85-234; 197 figs.; September 19, 1966

EFFERIA COQUILLETT IN AMERICA NORTH
OF MEXICO (DIPTERA: ASILIDAE)

By

J. Wilcox

21171 Mohler Place, Anaheim, California

Research Associate, California Academy of Sciences

The genus Ejjeria Coquillett (Erax of authors, not Scopoli; Nerax Hull)

is one of the largest genera of robber flies in America north of Mexico and is

also abundant in Central and South America and the Caribbean islands.

Martin (1965) says that ten species have been reported from other than

the Americas and he has verified two of these records: Ejjeria Salomon

(Macquart) from "Isles Solomon" and Ejjeria sinensis (Macquart) from

China.

The Nearctic species were reviewed by Hine (1919) including the species

then available from Mexico and the Caribbean islands. Hine (1919) listed

52 species from the United States and Canada. Since 1919 the following

species have been described from the Nearctic Region: Bromley (1934),

E. bexarensis and E. prairiensis from Texas, and E. canellus from Arizona;

Bromley (1937), E. knowltoni and E. utahensis from Utah, and E. tanner

i

from Colorado; Bromley (1940), E. vertebratus from CaUfornia, E. benedicti

and E. subaridus from Arizona, and E. wileoxi from Texas; Hardy (1943),

E. cuervanus from New Mexico; Wilcox and Martin (1945), E. anacapai

and E. clementei from California; and Bromley (1951), E. mesquite and

E. monki from Texas, E. helenae from Colorado, and E. tricellus from Arizona.

These species plus those listed by Hine (1919) make a total of 69 species.

Martin and Wilcox (1965) list 70 species from the Nearctic Region.

The discrepancy between this and the previous total is that Martin and Wilcox

(1965) add E. macrolabis (Wiedemann) and E. mexicana (Hine) and delete

E. anomala (Bellardi) which was included by Hine (1919). In this paper

four species listed by Martin and Wilcox 1965 are not included, naraely,

E. dubia (Williston), E. macrolabis (W'iedemann), E. mexicana (Hine) and

[851
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E. tanneri (Bromley) but four species have been added, namely, E. anomala

(Bellardi), E. completa (Macquart), E. prolijica (Osten Sacken) and E.

similis (Williston) so that the total of previously described species is still 70.

These differences are explained as follows: Martin and Wilcox (1965) list

E. affinis (Bellardi) and E. anomala as not Nearctic, James (1934 and 1941)

reported E. ajjinis from Colorado which is apparently a misidentification,

Williston (1885), Osten Sacken (1887), and Hine (1919) report E. anomala

from Arizona and other localities in the southwest and it is retained here

because it is a well defined species and no difference between it and the

Mexican type has been published; E. macrolabis from Kentucky is not known

to the writer so is not included, Hine (1919) listed it as a synonym

of E. aestuans; Bromley (1934) reported E. mexicana from Texas based on

my misidentification of a small specimen of E. aestuans; E. tanneri from

Colorado is here considered to be a synonym of E. staminea (Williston)

;

E. dubia from Washington is here considered to be a nomen nudum; E.

prolijica, E. similis, and E. completa placed in synonymy by Hine (1919) and

the latter two by Martin and Wilcox (1965), are here considered to be

valid species.

Two important name changes were made of common species by Martin

and Wilcox (1965): E. albibarbis (Macquart) equals E. barbatus of Hine and

other authors, not Fabricius, and E. pogonias (Wiedemann) equals E.

rujibarbis (Macquart) of Hine and other authors.

Thirty species are described here as new and unless indicated otherwise in

the text, the types will be deposited in the collection of the California

Academy of Sciences, San Francisco.

Efferia Coquillett.

Efferia Coquillett, 1893, Canad. Entomol., vol. 25, p. 175. Type-species, E. Candida

Coquillett. Coquillett, 1910, Proc. U. S. Nat. Mus., vol. 37, p. 536.

Nerax Hull, 1962, U. S. Nat. Mus. Bull., vol. 224 (part 2), p. 476.

Erax authors, not Scopoli.

The genus is so variable that it is hard to define. Length of Nearctic

species 10-38 mm. Martin (1965) gives a range from 6-40 mm.

Head in anterior view broader than high; face at antennae from two-

thirds to subequal to the width of one eye, lower half or more gibbous,

usually with oral bristles and long hairs above covering the gibbosity. Frons

deeply recessed, usually narrower at vertex than at the antennae; ocellar

tubercle small, usually with two or more strong bristles but sometimes with

short hairs only; occipital bristles present. Antennae short, segments 1 and

2 cylindrical, 3 oval, 1 and 3 subequal in length and longer than 2, terminal

style bristle-like and 1-2 times length of 3.

Mesonotum broad, usually not highly arched or compressed; lateral
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and posterior dorsocentral bristles present, anterior dorsocentrals usually

absent or hair-like. Anterior hairs usually short but sometimes long, dense,

and erect and sometimes bristlelike. Scutellum swollen, with two or more

marginal bristles and discal hairs of various length and density.

Abdomen broad basally, slightly narrowing apically, variously covered

with pollen and hair, the males frequently with long white parted hair on

one or more segments; segment 1 with lateral bristles. Male terminalia large,

non-rotate, usually projecting upward at about a 30° angle with the body axis,

consisting of segment 8 and the following segments, as long or longer than

segments 6-7 together. Female ovipositor heavily chitinized, as long or

longer than segments 6-7 together, usually compressed laterally but some-

times cylindrical, and consists of segment 8 and the following segments.

Legs stout, femora moderately to strongly swollen, male hind tibiae

sometimes enlarged apically, bristles strong, empodia and pulvilli present.

Wings usually long and narrow, in some males with the costa dilated

and thickened and the wings broadened. Anterior branch of the third vein

and usually the posterior branch ending in the costa before the apex of

the wing. Third vein branched well before, opposite or beyond the end of

the discal cell. The basal section of the anterior branch of the third vein

in a few species connects with the second vein forming three submarginal

cells but in most species this connection is broken leaving a stump vein.

As the furcation moves distad the stump vein shortens and in a few species,

especially the males, it is absent but the angle is still about 90°.

Probably the gibbous face, deeply recessed frons, large male terminalia

and long chitinized female ovipositor, are the most consistent characters for

separating Ejjeria from the related genera.

Nerax Hull 1962 was proposed to include all of the species of Erax of

Hine which have two submarginal cells in the wings, thus restricting Ejjeria

Coquillett to the species with three submarginal cells. Williston (1901)

and Hine (1919) did not consider Ejjeria Coquillett worthy of separate generic

rank from the flies they then included in Erax Scopoli of Macquart. Hine

(1919) placed the flies with three submarginal cells in his Anomalous Group

and this group as now constituted is so varied that a separate name for the

remaining species is not warranted. Martin (1961) and (1965) has gone

into detail on the status of Erax, Ejjeria, and Nerax.

The Groups of Ejjeria

Hine (1919) divided the genus into groups based mainly on the wing

venation. The third vein branches before the end of the discal cell (base

of the second posterior cell or discal crossvein) in the Staminea Group and

usually in the Anomala Group; opposite or near the end of the discal xell

in the Arida and Pogonias groups; and beyond the end of the discal cell
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in the Aestuans, Albibarbis, Carinata, and Tuberculata groups. The Anomala

Group has three submarginal cells while all the other groups have two. In

the Aestuans Group the posterior branch of the third vein curves backward

at the tip and ends in the costa beyond the apex of the wings; in all other groups

it curves forward and ends before the apex. The anterior branch of the

third vein in most species ends in the costa but in a few species it usually

ends in the second vein, as follows; Anomala Group, E. aztcci, new species

and E. pernicis Coquillett; Pogonias Group, E. pilosa (Hine); and Staminea

Group, E. coquilletti (Hine), E. deserti, E. ehrenbergi, E. parkeri, E. yermo.

and E. yuma, new species, and E. wilcoxi (Bromley).

Except for the Carinata Group, the other characters for separating the

groups are based on one sex only, and while not entirely satisfactory are

quite useful. The groups as used by Hine (1919) are retained in this

paper. Martin (1965) has proposed three additional groups which are not

used here as the number of species involved from the Nearctic Region is

too limited. Several species are included in the keys to two groups in order

to aid in their identification, they are E. bryanti, new species and E. conipleta

(Macquart) in the Anomala and Pogonias groups; and E. pilosa (Hine)

in the Pogonias and Staminea groups.

The Male Termtnalia

Hine (1919) separated the species mainly on the form of the dorsal part

of the male hypopygium or genitalia (upper or superior forceps, or surstyli)

as these parts are easily seen and less obscured by hairs. The term male

terminalia as used here refers to abdominal segment 8 and the following

segments; Hine (1919) used the term h3^popygium in most cases and male

genitalia in a few. The upper forceps, referred to as surstyli in this paper,

offer many good characters for the separation of the species. In most species

the surstyli in dorsal view are of uniform width, but in a number of species

they are wider near the apex than at the base; in lateral view they may be of

uniform width, or broader or narrower at the apex than at the base; the apical

margin may be rounded, angular or truncate and frequently has projections of

various sizes and shapes referred to here as lobes or flanges; and the color

of the integument plus the color, length and density of the hairs, are useful

in separating the species. The proctiger extends up between the surstyli

at two-thirds or three-fourths their length and is shown in the figures.

The lower forceps are also of considerable value in placing the species

and have been more or less ignored by previous authors. It is necessary to

relax most specimens before the lower forceps can be separated from the upper

forceps and their structure revealed. They are excised at or near the middle

dorsally, usually with a dorsal tooth or projection which varies in size and

shape, the portion beyond the middle is usually long and slender but can
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be short and here is referred to as the tail. The ventral fringe of hairs

("mane" of Bromley, 1937) varies in color, length, and density and is very

useful in the separation of the species. The lower forceps also enclose the

penis sheaths which in turn enclose the aedeagus; these structures frequently

extend beyond the lower forceps and are easily seen but are not utilized

or figured here.

The apical abdominal segments have been included in the figures. Sternite

9 (the hypandrium) is not very conspicuous in most species. In most species

the ventral portion is rounded and polished and in most pinned specimens

is hidden by sternite 8; it apparently serves as a bearing for the movement

of the lower forceps. In a few species it is visible in pinned specimens; in

about 100 specimens of E. latruncula (Williston) examined, the polished

lobes were visible in every one. The hypandrium of E. interrupta (Macquart)

is unique in that it is projected apically, is hairy and pollinose, and is similar

in structure to sternite 8. The upper part of the hypandrium is visible in most

specimens; it is a small rounded or triangular lobe posterior to the lower

corner of tergite 8, is usually pollinose and bears a few hairs.

Segment 8 is usually plainly visible but may be hidden or telescoped

by segment 7 in a few specimens. Tergite 8 laterally is pollinose and bears

a few hairs, the dorsal part is thinly chitinized and without hairs or pollen

apparently because of the movement of the surstyli. In most species sternite

8 is narrow and much shorter than sternite 7; it is pollinose and frequently

bears long hairs on its apical margin. In a number of species sternite 8 is

projected apically and varies from subequal in length to sternite 7 to nearly

two times as long; it may be narrow or broad apically and usually has long

apical hairs. Species in the several groups which have sternite 8 projected

are: Aestuans Group, E. aestuans (Linnaeus); Staminea Group, E. argen-

tijrons (Hine), E. argyrosoma (Hine), E. basini, new species, E. benedicti

(Bromley), E. calijornica (Schaeffer), E. canella (Bromley); E. pallidula

(Hine), and E. texana (Banks); Tuberculata Group, E. tuberculata (Coquil-

lett).

The Ovipositor

The ovipositor of Ejjeria is heavily chitinized, as long or longer than

abdominal segments 6-7, and consists of segment 8 and the following segments.

In most species and groups it is strongly compressed or flattened laterally,

but in the Pogonias Group, in E. albibarbis (Macquart) (Albibarbis Group),

and E. interrupta (Macquart) (Staminea Group), it is more or less cylindrical.

Segment 8 is two or more times the length of the remaining segments and

varies in length, width and form. Segment 9 usually tapers apically and the

tergite is more heavily chitinized than the sternite which bears the gonophore.

At the base of sternite 9 there is a heavily chitinized spot which was thought
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to be the gonophore, however a specimen was found with the egg protruding

and the entire sternite 9 beyond the chitinized spot opens for the emission

of the egg. The cerci (end lamellae of Hine, 1919; segments 10 and 11,

Crampton, 1942) are usually rounded or oval lobes more or less covering

the proctiger, but in the Pogonias Group they are pointed apically and split

dorsoventrally.

The ovipositor offers fewer characters for the separation of the species

than the male terminalia and has been generally ignored in descriptions. It

is very useful for the separation of a number of species and has been figured

when available. The females are more difficult to determine than the males

and separate keys have been prepared for them which with the figures should

facilitate the identification of this sex.

Lavigne (1964) has observed Ejjeria bicaudata (Hine) ovipositing in

sandy soil and gives other interesting data on the prey and habits of this

species.

Figures and Distribution Records

Figures of the male terminalia and wings were drawn to reproduce at about

7.5 times normal size and of the female ovipositor at about 15 times. Measure-

ments of the face, eyes, vertex, and antennae were made with an ocular

micrometer at about 30 times, and of the wings at about 15 times.

Hine (1919) and in his earlier papers usually listed the specimens by

states and rarely gave definite localities or collecting dates. As many of

the species are quite seasonal and restricted in their habitat, definite collecting

records are given for most species. Others which are more common or widely

distributed are listed only by general localities and by the months of their

occurrence.
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Key to the Groups

1. Three submarginal cells in the wings Anomala Group

Two submarginal cells 2

2. The third vein of the wings forks before the discal crossvein (end of discal cell or base

of second posterior cell) 3

Third vein forks opposite or beyond the discal crossvein 4

3. Mesonotum anteriorly with bristles or bristle-like hairs as long or longer than antenna!

segments 1-2; male abdominal repeats 2-5, usually blackish basally without parted

hairs, segments 6-7 white pollinose; ovipositor pointed and split at tip .. Pogonias Group

Mesonotum anteriorly usually with short hairs, if longer not bristle-Hke; male abdo-

men usually grayish pollinose and frequently with long parted hairs; ovipositor

rounded at tip, not split Staminea Group

4. Posterior branch of the third vein curves backward at the tip and meets the costa

beyond the apex of the wing Aestuans Group

Posterior branch of the third vein curves forward and meets the costa well before the

apex of the wing 5

5. Mesonotum compressed laterally and on the mid-dorsal line with a narrow crest of

long hairs or bristles Carinata Group

Mesonotum not compressed laterally, hairs anteriorly usually short but if long covering

the dorsocentral as well as the central row 6

6. Mesonotum anteriorly with numerous erect hairs as long as antennal segments 1-3;

scutellum usually with numerous marginal bristles; tarsal bristles usually white —

.

Arida Group

Mesonotum anteriorly usually with hairs shorter than antennal segments 1-2 ; scutel-

lum usually with not more than 6 marginal bristles; bristles of the tarsi usually

black 7

Figures 1-8. Wings of the various groups of Ejjeria:

1. Pogonias Group, E. mortensoni. new species.

2. Arida Group, E. apache, new species; a, anterior crossvein; b, discal crossvein; c,

anterior branch of the third vein; d, posterior branch of the third vein.

3. Albibarbis Group, E. peralta, new species.

4. Anomala Group, E. autiochi, new species.

5. Aestuans Group, E. beameri, new species.

6. Staminea Group, E. coquilletti (Hine).

7. Tuberculata Group, E. setigera, new species. "

8. Carinata Group, E. caliente, new species.
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7. Male abdomen ventrally with prominent tubercles on segments 4-6; rather small slender

species Tuberculata Group

Male abdomen without ventral tubercles; rather small to large species, the small species

frequently with short stout bristles in the upper part of the mystax ___. Albibarbis Group

Aestuans Group

Hine (1919) says, "The species falling in the group are recognized at once

by the peculiar posterior branch of the third vein which, instead of curving

forward at its apex, as in the other groups, curves backward and reaches

the costa near or beyond the apex of the wing. The branching of the third

vein occurs beyond the base of the second posterior cell."

In the Nearctic Region the species occur mainly in the southern and

eastern states, ranging as far west as Wyoming, Colorado, and New Mexico.

The group is more numerous in the Neotropical Region and Hine (1919)

includes several species from Mexico and gives a separate key and descriptions

of seven species from the West Indies. Bromley (1929) described three new

species from Cuba and gave a key to the species.

Material available in this group is quite limited, E. slossonac (Hine)

has not been seen and E. beljragci (Hine), and E. jemorata (Macquart) are

represented by one sex only. James (1934) reported E. ajjinis (Macquart)

from Colorado but according to Martin and Wilcox (1965), this species is

not Nearctic. Bromley (1934) reported E. mexicana (Hine) from Texas

apparently based on my questioned determination; it is a small specimen of

E. aestuans (Linnaeus).

Key to the Species of the Aestuans Group—Males

1. Legs entirely shining black; wings hyaline, costa not dilated; abdominal segments 5-7

silvery pollinose; terminalia black with black hairs, surstyli with a broad apical

flange; length 14 mm. (Florida) E. slossonae (Hine)

At least the tibiae distinctly reddish 2

2. Apical half of abdominal segment 2 and 3-7 largely white polhnose with white parted

hairs; costa not dilated; length 12-16 mm. (Texas) E. beameri new species

At most abdominal segments 4-7 largely white polhnose and without white parted hairs

on any segments 3

3. Costa more or less dilated, subcostal cell light to dark brown; venter of abdomen with

fine erect white hairs 4

Costa not dilated, subcostal cell hyaline; venter of abdominal segments 3-5 or 6 with

clumps of short black hairs — 8

4. Six or more marginal scutellar bristles; abdominal segments 5-7 silvery pollinose 5

Normally 2 scutellar bristles; at most abdominal segments 6-7 silvery pollinose — 6

5. Mesonotum anteriorly with very short black hair; terminalia black with black hair;

length 26-30 mm. (Florida, Georgia, Louisiana) E. jemorata (Macquart)

Anterior mesonotal hairs as long or longer than antennal segment 1 ; terminaha black

with black hair, sternite 8 produced; length usually 18-22 mm. but ranges from

14-28 mm. (Colorado, New Mexico, Wyoming and East) E. aestuans (Linnaeus)
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6. Abdominal segments 6-7 silvery, 6 sometimes with a narrow brown spot basally, 2-5

black dorsally; length 14-22 mm. (Alabama, Georgia, Louisiana, Mississippi, North

Carolina, Texas) E. apicalis (Wiedemann)

Abdominal segment 7 only, wholly silvery, 2-6 largely brown or black dorsally 7

7. Sides and usually posterior margin of abdominal segment 6 white pollinose, dorsum of

2-6 black with mostly short black hairs; terminalia black with black hairs, surstyli

at apex with tuft of short black hairs, fringe on lower forceps of uniform width and

as long as antennal segment 1 ; length 15-23 mm. (Florida, Georgia)

.- E. tabescens (Banks)

Sides of abdominal segments 2-6 grayish pollinose, dorsum brown with mostly short

white hairs ; terminalia brown, in part white haired, fringe longer at base than apex

and margined with white hairs; length 15-19 mm. (Kansas, Oklahoma, Texas)

E. kansensis (Hine)

8. Mystax yellowish; lower forceps with a dense fringe of brownish hairs, longer than

antennal segments 1-3; length 13-15 mm. (Kansas) E. aurimystacea (Hine)

Mystax black with a few white hairs intermixed ; lower forceps with a sparse fringe of

brown and black hairs subequal in length to antennal segments 1-2; length 10-14

mm. (Texas) E. beljragei (Hine)

Key to the Species or the Aestuans Group—Females

1. Ovipositor 6 mm. long or longer 2

Ovipositor at most 5. 5 mm. long, usually shorter .._.. — 4

2. Mystax black, some white hairs intermixed; tibiae largely reddish; abdomen gray pol-

linose, dorsum 2-4 black; ovipositor as long as abdominal segment 4-7; length 10

mm. E. beljragei

Larger species, 14-30 mm. in length 3

3. Hairs anteriorly on the mesonotum shorter than antennal segment 2; tibiae and tarsi

dark reddish; ovipositor 7.3 mm. long E. jemorata

Hairs anteriorly on the mesonotum as long as antennal segment 1 ; tips of the tibiae

and the tarsi black; ovipositor 6.0 mm. long E. aestuans

4. Mystax yellowish with at most 8 black bristles above; ovipositor broad, 2.7 mm. long

E. aurimystacea

Mystax white with 15 or more black bristles above; ovipositor at least 3.7 mm. long

5

5. Anterior mesonotal hairs as long or longer than antennal segment 1 ; ovipositor 4.0

mm. or less in length 6

Anterior mesonotal hairs shorter than antennal segment 1 ; ovipositor 4.1 mm. long or

longer; abdominal segments 2-5 or 6 black with mostly short black hairs, sides and

posterior margins gray pollinose -— 7

6. Abdominal segments 2-5 gray pollinose and mostly short white haired; ovipositor 4.0

mm. long E. kansensis

Abdominal segments 2-5 black dorsally, 3 with a few and 4-5 mostly short black

haired; ovipositor 3.7 mm. long E. beameri

7. Ovipositor gradually narrowing apically, 4.1-5.5 mm. long; narrow dorsum and poste-

rior margin of abdominal segment 7 brownish pollinose - E. tabescens

Ovipositor narrowed beyond basal 1/3, 4.1-4.5 mm. long; abdominal segment 7 shining

black E. apicalis
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10. BELFRA6E1
U. AESTUANS

15. AURIMYSTACEA iC>. KANSENSIS

17. KANSENSIS

18. AESTUANS 19. APICAL IS 20, AURIMYSTACEA

21. BEAMERI ^^^>^
22. SLOSSONAE 23. BEAMERI
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Efferia aestuans (Linnaeus).

Asihis aestuans Linnaeus, 1763, Systema Naturae, 11th Edition, p. 413. Type, Pennsylvania.

Erax aestuans, Hine, 1919, .^nn. Entomol. Soc. .^mer.. vol. 12, p. 124.

Description, figures of male genitalia and wing, widely distributed over

northeastern North America ranging to Florida, New Mexico, and Wyoming.

A very abundant species over most of its range.

Synonyms: E. niger (Wiedemann); E. bastardi (Macquart) ; E.

incisuralis (Macquart) ; and E. tibialis (Macquart).

Bromley (1934) says, "This widely distributed species is very common

in eastern Texas. Frequently alights on buildings, as well as on trees, thickets,

posts, and fences: often feeds on house flies. E. aestuans has the peculiar

habit of alighting on moving objects, such as cattle or even human beings.

It is therefore one of the most familiar and readily recognized species."

Reports from Texas: Bexar, Brazos, Brown, Burleson, Frio, Kleberg, Madison,

Milan, Terrant, Travis, and Wilson counties. May 2-October 10.

James (1941) records this species from Colorado.

Specimens on hand from Alabama, Arkansas, Florida, Georgia, Kansas,

Illinois, ^Maryland, Massachussetts, ]Michigan, Mississippi, Missouri, New
Jersey, New York, Ohio, Oklahoma, Pennsylvania, South Carolina, Tennessee,

Texas, Virginia, and Wisconsin.

It is the only species of the group which has male sternite 8 produced

and longer than sternite 7. Males of E. jemorata have not been seen by me
and they are described as similar to E. aestuans but larger. Hine's (1919)

figure of E. mexicana from Mexico indicates it may have sternite 8 produced.

Figures 9-23. .Aestuans Group, lateral views of the male terminalia and ovipositors of

the Efferia species:

9. E. femorata (Macquart), ovipositor.

10. E. belfragei (Hine), male terminalia.

11. E. aestuans (Linnaeus), ovipositor.

12. E. tabescens (Banks), ovipositor.

13. E. tabescens (Banks), male terminalia.

14. E. apicalis (Wiedemann), ovipositor.

15. E. aurimystacea (Hine), male terminalia.

16. E. kansensis (Hine), male terminaha.

17. E. kansensis (Hine), ovipositor.

18. E. aestuans (Linnaeus), male terminalia.

19. E. apicalis (Wiedemann), male terminaha.

20. E. aurimystacea (Hine), ovipositor.

21. E. beameri, new species, male terminalia.

22. E. slossonae (Hine), male terminaha, redrawn from Hine, 1919. "

23. E. beameri, new species, ovipositor.
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I
Pkoc. 4tii Skr.

Malk. Len<<th J 9 mm. JMystax black with many white hairs below; face

at antennae 40/43 width of one eye, vertex 35. Antennal hairs black,

segments measure 14-6-15-28.

Mesonotal hairs anteriorly siibequal in length to antennal segment 1. Six

marginal scutellar bristles, 4 black, 2 whitish; discal hairs mostly yellowish,

as long as antennal segments 1-2.

Sides of abdominal .segments 2-4, posterior margin of 4, and all of 5-7

white pollinose; hairs on 1-4 yellowish, some black dorsally on 3-4, short

white on 5-7; venter grayish pollinose, hairs fine erect white. Segment 8

black, tergite with black hairs, sternite longer than 7 with a dense clump of

long black hairs apically and a few short white basally. Terminalia black

with black hairs, a few white above apically on surstyli; fringe brownish black

subequal in length to antennal segment 1. Wings hyaline, veins brown, an-

terior crossvein at 40/60 length of discal cell, stump vein short, costa

slightly dilated, subcostal cell brown.

Fkmalk. Length 21 mm. Black hairs in mystax stouter, bristlelike. Sides

and posterior margins of abdominal segments 2-6 grayish pollinose and

posterior margin of 7, dorsum brownish pollinose but appearing black; hairs

yellowish white, longer on sides of 1-3, dorsum short black haired, 7 wholly;

venter gray pollinose with erect white hairs, a few black on 7. Ovipositor

5.9 mm. long, at middle 1/10 as long as broad.

The ovipositor is frequently distorted and in smaller specimens measures

only 5 mm. long while in larger specimens it is 6.8 mm. long. Tn a series

of 8 males and 20 females sent to me by and collected by K. W. Cooper from

Brown Mills, New Jersey, 11 July 1933, and Princeton, New Jersey, 30 June,

7, 27 July 1940, 12 Aug. 1941, two of the males have abdominal segments

5-8 wholly white pollinose and 7 of the females have the ovipositor .short,

varying from 3.2 to 4.4 mm. long.

ECfeiia apicalis (Wiedemann).

A.silus apicalis VVikdkmann, 1821, Diptoia Exotica. Kiliae. Vol. 1, p. 191. Type, North America.

Flrax apicalis, Hmi;, 1919, Ann. Enlonioi. Soc. Amer., vol. 12, p. 125.

Di'.scKii'TioN and figure of male genitalia; reported from Georgia: Decatur

C'oimty (Bradley); North Carolina: Southern I'ines (Manee).

Synonym. E. vicinus (Macquart).

Bromley (1934) says, "A small species suggesting a miniature E. acstuans.

Occurs in sandy fields, alighting on the short, scattered weed stalks. August."

Fattig (1945) re|M)rts it from Gcori^ia: Albany, June; Billys Island, Oke-

fenokee Swamp, June; Dellwood, July (W. C\ Stehr); Ludowici, September;

Lyons, July (W. C\ Stehr); Roberta, June; Spring Creek, Decatur County,

June, July; Stone Mountain, July; Vidalia, August; Waycross, May; Wrens,

August 22, 1930 (R. H. Beamer).
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Bromley (1950) reports it from Florida: Da^^tona; Ciainesville, 7-7-18

(JRW), 8-26-17 (H. L. Dozier), 8 miles NW., 9-21-38 (EST); Plymouth,

August 11, 1920 (W. W. Yothers).

Specimens from the following localities. Alabama: Batesburg, 24 August

1930 (R. H. Beamer, P. W. Oman, L. D. Tuthill). Georgia: Wrens, 28 August

1930 (R. H. Beamer, V. W. Oman). Louisiana: Beauregard County, 16 August

1928 (A. INI. James). Mississippi: Hamilton, 15 July 1930 (R. H. Beamer).

Male. Length 17 mm. Mystax black, lower half mostly white; face

at antennae 36/47 width of one eye, vertex 26. Antennae black haired,

segments measure 15-5-16-30.

Anterior mesonotal hairs 2/3 length of antennal segment 1. Two black

marginal scutellar bristles plus 3 black hairs, discal hairs yellowish and as

long as antennal segments 1-2.

Sides of abdominal segments 2-5 yellowish pollinose, 6-7 white, dorsum

2-5 brown pollinose appearing black, hairs yellowish, longer on 1-2, dorsum

3-5 short black, 6-7 short white; venter 1-5 grayish, 6-7 white pollinose, 3-5

narrowly bare at middle, hairs yellowish, longer on 1-3, white on 6-7 with

a few black on the bulge on 6. Tergite 8 black with a few black hairs, sternite

gray with a few long white and black hairs apically. Terminalia black with

black hairs, a few yellowish on surstyli at apex above; fringe black and dense,

as long as antennal segment 1.

Wings hyaline, light brownish apically, veins brown, anterior crossvein

at 32/52 length of discal cell, very short stump vein, costa slightly dilated,

subcostal cell brown.

Female. Length 17 mm. Scutellar hairs all yellowish, subequal in length

to antennal segment 1. Sides and ])osterior margins of abdominal segments

2-6 grayish pollinose, 7 black; sides of 1-5 with yellowish hairs, dorsum of

2-5 and 6-7 all short black haired; venter gray, 4-7 narrowly bare at middle,

hairs yellowish becoming shorter apically, a few black hairs at apex of 7.

Ovipositor black, 4.4 mm. long, at middle 1/10 as wide as long.

Efferia aurimystacea (Hine).

Erax aiiriinystaceus Hine, 1919, Ann. Entomol. Soc. .\mer., vol. 12, p. 122.

Types, male and female. Clark County, Kansas (F. H. Snow) OSU; also

Ellis, Grove and Ness counties, Kansas, mostly taken in July. Figure of

male genitalia.

Specimens from the following localities. Kansas: Cheyenne County,

3 July 1925 (Howard Deay); Kiowa County, 4 July 1923 (W. B. Whitlow);

Norton County, 5 July 1925 (R. H. Beamer, N. J. Grady).

Male. Length 14 mm. Mystax yellowish; face at antennae 33/38 width

of one eye, vertex 24. Hair below on antennal segment 1 yellow, above

black and yellow, on 2 black; segments measure 11-7-16-21.
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Anterior mesonotal hairs subequal in length to antennal segment 1.

Scutellum yellowish poUinose with erect yellowish hairs as long as antennal

segments 1-2, 2 black marginal bristles.

Abdomen black, dorsum 2-5 brown pollinose, sides and 6-7 grayish white

pollinose; hairs yellowish white, longer on sides of 1-2, a few short black

dorsally on 2-5; venter gray pollinose, hairs erect yellowish on 1-3, posterior

margins of 3-7 swollen and with coarse black hairs, 7-8 posteriorly with

coarse yellowish and a few black hairs. Terminalia dark brown; hairs on

surstyli black, at apex ventrally with clump of dense crinkly yellowish hairs;

hairs on lower forceps black basally, yellowish apically, fringe brown basally

and yellowish apically, dense and as long as antennal segments 1-3.

Wings hyaline, veins brown, anterior crossvein at 22/37 length of discal

cell, third vein with long stump vein, costa not dilated.

Female. Length 15 mm. As many as 8 black bristles above in mystax.

Antennal hairs mostly black. Scutellar bristles yellowish. Abdominal seg-

ments 2-7 brown dorsally with short black hairs, gray laterally with yellowish

hairs on 2-6; venter gray, erect yellowish haired with some black on posterior

margins 5-7. Ovipositor black, 2.6 mm. long, at middle about 1/3 as broad

as long.

Efferia beameri Wilcox, new species.

Male. Length 12 mm. Head black, grayish white pollinose, gibbosity

and frons subshining. Mystax black with finer white hairs intermixed; face

at antennae 28/38 width of one eye, vertex 22 \ hairs on frons, 2 bristles on

ocellar tubercle, upper occipitals and hairs on palpi mostly, black; beard,

hairs on proboscis and upper occiput, white. Antennae black, hairs black,

segments measure 11-5-12-22.

Mesonotum black, grayish pollinose, central stripe broad black, inter-

mediate spots brown appearing black. Anterior hairs as long as antennal

segment 1, black; on humeri and margins white. Bristles black, 2 presutural,

2 supraalar, 2 postalar, 4-5 posterior dorsocentral. Pleura and coxae gray

pollinose, hairs white, a few on mesopleura and hypopleurals black. Scutellum

gray pollinose, hairs erect white and as long as antennal segments 1-2, 3 black

and 1 white marginal bristles.

Abdomen black, segments 1-3 grayish white, 4-7 white pollinose; basal

half of 2 and narrow basal margins of 3-4 black; hairs long white, parted on

2-7 becoming shorter apically. Venter grayish white pollinose, hairs erect

white on 1-4, shorter on 5-7, 7 with longer hairs on apical margin. Segment

8 black, hairs yellowish with a few black. Terminalia brown; surstyli black

haired, a few yellowish above at apex and a tuft of crinkly yellowish hairs

below at apex; hairs on lower forceps black, fringe white basally becoming

brown apically, subequal in length to antennal segment 1.
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Femora black, tibiae yellowish red, tips and tarsi brown. Hairs on femora

black, below and on posterior side white; black and white on fore and middle

tibiae, black and yellowish on hind tibiae; tarsi mostly black. Bristles black:

claws black, base reddish; empodia and pulvilli brownish.

Halteres light brown. Wings hyaline, veins brown, anterior crossvein at

22/36 length of discal cell, stump vein as long as anterior crossvein, costa

not dilated.

Female. Length 16 mm. Two black and 2 weaker white marginal

scutellar bristles. Sides and posterior margins of abdominal segments 2-6

grayish pollinose; dorsum 2-5 brownish pollinose, 6-7 shining black; hairs

yellowish white, longer on 1-2, a few short black dorsally on 3, 4-7 largely

black haired dorsally; venter grayish pollinose, broad black at middle of

3-7, hairs erect white, shorter on 7 with black hairs apically. Ovipositor

black, 3.7 mm. long, at middle 1/6 as wide as long. Wings brownish apically,

stump vein short.

HoLOTYPE. Male, Concan, Texas, 6 July 1936 (J. D. Beamer), UK.
Allotype. Female, same data (D. R. Lindsay), UK.
Named in honor of the late R. H. Beamer and family who contributed

much to our knowledge of the Asilidae of America. These specimens were

included in material submitted for identification years ago and are returned

to the tiniversity of Kansas.

Efferia belfragei (Hine).

Erax belfragei Hine, 1919, Ann. Entomol. Soc. Amer., vol. 12, p. 121, fig. of $ genitalia.

Types, male and female, Texas (Belfrage), USNM.
Bromley (1934) reports this species from Texas: Austin, May 15, 1931

(UT); Milano, April 28, 1929.

A male specimen was taken from the following locality. Texas: Uvalde,

1 May 1936.

Male. Length 13 mm. Face 32/37 width of one eye, vertex 26. Antennae

black, hairs black, segments measure 10-6-12-22.

Anterior mesonotal hairs black, as long as antennal segments 1-2. Scutellum

with 5 black marginal bristles, erect hairs white and as long as antennal

segments 1-2.

Abdomen black, sides of 2-5 brownish, 6-7 grayish pollinose; hairs yellowish,

long on sides of 1-3, 1-4 with black marginal bristles; venter 1-3 with erect

white hairs, 3-5 posteriorly with short black hairs. Terminalia brown, hairs

black, surstyli apically above with yellowish hairs and below apically with

dense yellowish crinkly hairs; fringe on lower forceps sparse brown, subequal

in length to antennal segment 1, plus margin of sparse longer black hairs.

Wings hyaline, veins brown, anterior crossvein at 25/40 length of discal

cell, third vein with short stump vein, costa not dilated, subcostal cell hyaline.
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Efferia femorata (Macquart).

Erax femoratits Macquart, 1838, Dipteres exotiques noveaux ou peu connus. Paris. Vol. 1,

no. 2, p. lis. Type, Carolina.

Erax femoratns, Hine, 1919, Ann. Entomol. Soc. Amer., vol. 12, p. 123.

Description. Records from Slidell, Louisana (Hine) from trunks of

trees, and from Florida.

Fattig (1945) gives the following records from Georgia: Altanta, July;

Jekyll Island, September (S. W. Bromley); Macon, July; Okefenokee Swamp,

July 25, 1939 (J. D. Beamer); Stone Mountain, July; Thompson, August;

Vidalia, July.

Bromley (1950) lists the following records from Florida: Bratt, June-August

(FSB); Clearwater, April (Van Duzee); Coconut Grove, 3-31-28; Crescent

City; Duval, '44 (WEG) ; Lake City (JRW); Lake Worth, 3-23-35 (SWB);

St. Augustibe (CWJ). He says, "The largest Erax east of the Mississippi.

Alights on tree trunks or fences. When disturbed it may fly around a tree

trunk alighting a few feet further up on the opposite side of the same tree.

(Fig. 9)." Figure is photograph of female.

Two female specimens are reported from Georgia: Okefenokee Swamp,

30 July, 3 August 1934 (R. H. Beamer).

Female. Length 28 mm. Mystax composed of black bristles with a

few yellowish white hairs; face at antennae 49/60 width of one eye, vertex

38. Antennae black, hairs yellowish below, black above, segments measure

16-9-21-36.

Anterior mesonotal hairs black, shorter than antennal segment 2. Scutellar

hairs black, a few white, as long as antennal segment 2, 7 black and 1 white

marginal bristles.

Sides and posterior margins of abdominal segments 2-6 grayish pollinose,

dorsum 2-7 brownish pollinose, 7 shining black laterally; hairs yellowish white

on 1-5, longer on 1-2, black dorsally, 6-7 all black haired; venter 1-6 grayish

pollinose, 7 black with black hairs, hairs on 1-5 erect yellowish, shorter on 6.

Ovipositor 7.3 mm. long, at middle 1/12 as wide as long.

Wings hyaline basally, light brown apically, veins brown, anterior cross-

vein at 51/75 length of discal cell, stump vein longer than anterior crossvein,

costa slightly dilated, subcostal cell light brown.

Efferia kansensis (Hine).

Erax kansensis Hine, 1919, Ann. Entomol. Soc. Amer., vol. 12, p. 122, fig. of male genitalia.

Types, male and female. Clark County, Kansas, 1962 (F. H. Snow), OSU.

Bromley (1934) reports the following records from Texas: Austin, May
(UT), June-July (RHP) ; De Leon, June 28, 1931.
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James (1941) reports the following from Kansas: Coolidge, July 31, 1933

(Rodeck and James), less than one mile from the Colorado line.

Specimens are known from the following localities. Kansas: Ellsworth

County, 13 July 1923 (R. H. Beamer); Wichita, 3 July 1949 (B. L. and J. G.

Rozen). Oklahoma: Beaver County, 28 July 1933 (A. E. Pritchard) : Alfalfa

County, 11 August 1932 (A. E. Pritchard). Texas: Aransas County, 6 August

1928 (L. D. and R. H. Beamer).

Male. Length 15 mm. Mystax yellowish white with about S black

bristles above; face 34/40 width of one eye, vertex 24. Antennae with

yellowish and black hair on segment 1, black on 2, segments measure

11-6-16-24.

Anterior mesonotal hairs as long as antennal segment 1. Scutellum gray

pollinose, erect hairs as long as antennal segments 1-2 and 2 marginal bristles,

yellowish white.

Abdomen brown, dorsum of 2-6 light brown pollinose, sides and segment

7 all gray pollinose, hairs short white, longer on sides of 1-3. Venter gray

pollinose with bare spots at middle of 3-5; hairs erect white on 1-3, short on

4-5, 6-7 swollen with clumps of coarse white hairs. Terminalia brown; hairs

on surstyli black, at apex above and on ventral margin mostly yellowish;

hairs on lower forceps white, fringe yellowish, basally as long as antennal

segments 1-2, gradually shortening apically so at apex as long as antennal

segment 1

.

Wings hyaline, apex anteriorly light brown, veins light brown, anterior

crossvein at 25/40 length of discal cell, stump vein short, costa slightly

dilated, subcostal cell light brown.

Female. Length 17 mm. Mystax with about 18 black bristles above.

One black and 1 white scutellar bristle. Sides and posterior margins of

abdominal segments 2-6 grayish pollinose, 2-5 light brown dorsally, 6 largely

and 7 all black; hairs yellowish, longer on 1-2, a few black on 4-5 and 6-7

largely black haired. Venter gray pollinose, 3-7 broadly bare at middle,

hairs yellowish becoming shorter apically. Ovipositor black, 3.5 mm. long,

at middle 1/6 as wide as long.

Efferia slossonae (Hine).

Erax slossonae Hine, 1919, Ann. Entomol. Soc. Amer., vol. 12, p. 121, fig. of male genitalia.

Type, male, Jacksonville, Florida (Mrs. Anna T. Slosson), BSNH.
Apparently only known from the male type.

Efferia tabescens (Banks).

Erax tabescens Banks (in Hine), 1919, Ann. Entomol. Soc. .•Xmer., vol. 12, p. 126, figurfs of

male genitalia.
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Type, male, Florida, MCZ.
Fattig (1945) records this from Georgia: Augusta, August.

Bromley (1950) records this species from the following localities in

Florida: Branford, 4 August 1939 (R. H. Beamer, D. E. Hardy); De Land,

28 August 1939 (E. G. Wegenek); Dunellon, 22 July 1939 (D. E. Hardy);

Gainesville, 18 April 1913, 28 May 1918, 30 May 1916 (JRW); Hillsboro,

28 to 31 August 1946 (MSN, MDN); Hudson, 13 July 1939 (J. D. Beamer,

A. T. Hardy); La Belle, 16 July 1939 (R. H. Beamer, P. B. Lawson); Largo,

22 to 29 August 1931 (Bradley and Knorr) ; Live Oak, 16 August 1940

(J. D. Haynie); Sanford, 8 August 1939 (R. H. Beamer, D. E. Hardy).

Specimens are known from the following localities in Florida: Davenport,

5 August 1930 (J. Nottingham); Fort Mead, 11, 13 August 1930 (R. H.

Beamer, J. Nottingham, P. W. Oman); Fort Lauderdale, 23 to 29 June,

4 July 1933, 13 June, 28 August, 8 September 1932 (D. M. and M. Bates);

Fruitville, 3 August 1930 (R. H. Beamer, L. D. Tuthill); Hilliard, 19 August

1930 (R. H. Beamer, J. Nottingham, P. W. Oman); Sanford, 4 August 1930

(R. H. Beamer, J. Nottingham).

Male. Length 16 mm. Mystax sparse, black bristles above and mostly

yellowish bristles on oral margin and short white hairs; face at antennae

33/45 width of one eye, vertex 25. Antennae black haired, segments measure

13-6-13-30.

Anterior mesonotal hairs subequal in length to antennal segment 2.

Scutellar hairs sparse yellowish as long as antennal segment 1, 2 black

marginal bristles.

Sides and posterior margins of abdominal segments 2-5 gray, 6 white

and 7 all white; dorsum 2-6 brown with black hairs, hairs on sides yellowish,

longer on 1-2. Venter gray pollinose, 3-7 narrowly bare at middle, hairs

erect white on 1-3, short on 4-6, longer on 7. Segment 8 black, hairs black

and yellowish on tergite, sternite with long white hairs apically. Terminalia

black, hairs black; surstyli with a few white hairs, and above at apex with a

dense brush of coarse black and white hairs; fringe black, subequal in length

to antennal segment 1.

Wings hyaline, light brownish apically, veins brown, anterior crossvein

at 32/46 length of discal cell, stump vein short, costa slightly dilated, sub-

costal cell brown.

Female. Length 19 mm. Sides and posterior margins of abdominal

segments 2-6 gray pollinose, dorsum of 2-7 brown with black hairs, sides of

2-5 with short white hairs, longer on 1-2. Venter gray pollinose, bare at

middle of 3-7, hairs erect white on 1-4, short on remainder, black apically

on 6-7. Ovipositor black, 4.7 mm. long, at middle 1/8 as wide as long.

Albibarbis Group (Barbatus Group)

Hine (1919) defines this group (his Barbatus Group) as follows: "The
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members of this group have a broad mesothorax, quite evenly curved, short-

haired all over, especially anterior to the transverse suture. Only a few

prominent bristles above the attachment of the wings and posteriorly. Scutellum

short-haired on the disc, and usually with not more than half a dozen bristles

on the margin, although occasional specimens may have one or two more

than this number, in most cases there are less. Branching of the third vein

never anterior to the base of the second posterior cell, occasionally it is

opposite the base of this cell, but in nearly all cases it is plainly beyond,

making the second submarginal cell short. The posterior branch of the third

vein bends forward, and reaches the costa distinctly before the apex of the

wing.

"In some species the male has the costa thickened and expanded on the

anterior margin, somewhat before the apex, but in other species this is not

the case."

The short more or less recumbent hairs anteriorly on the mesonotum,

subequal in length to antennal segment 2, applies to all the Nearctic species

except E. willistoni (Hine). In E. willistoni the mesonotal hairs are erect

and anteriorly are as long as antennal segment 1 and gradually lengthen

apically, has the mesonotum highly arched and compressed, has the body
metallic black in color, and although it lacks a definite mesonotal crest, it

has been placed in the Carinata Group in order to unify the Albibarbis Group.

Key to the Species of the Albibarbis Group—Males

1. Large flies, 25-40 mm. in length (a few specimens of E. bicolor may be as small as

19 mm.) 2

Smaller flies, 20 mm. in length or less 7

2. Hind tibiae apically bent forward and enlarged 3

Hind tibiae straight and not abnormally enlarged apically S

3. Mystax white to yellow; apical 3/5 of the hind tibiae enlarged; scutellar hairs white or

yellowish; abdominal segments 6-7 white polHnose, 6 with a black spot dorsally;

length 29-32 mm. (Texas) E. armata (Hine)

Part of the bristles of the mystax black; apical 2/5 of the hind tibiae enlarged 4

4. Femora reddish above; hind tibiae only moderately enlarged; scutellar hairs in part

white; length 24-31 mm. (Arizona, Texas) E. tagax (Williston)

Femora black; hind tibiae greatly enlarged; scutellar hairs black; length 25-26 mm.
(Arizona, New Mexico) E. similis (WilUston)

5. Hairs and bristles of the head all pale yellowish; abdomen grayish white pollinose

with short white hairs; costa of wings not dilated but subcostal cell light brown;

length 25-34 mm. (Kansas, Oklahoma, Texas) E. leucocoma (Williston)

Mystax in part black; palpi at least partly black haired; abdominal segments 2-5 or

2-6 black basally with short black hairs; costa of wings dilated .„ 6

6. Narrow basal section of abdominal segments black haired; normally 2 scutellar bristles,

discal hairs white; surstyli with ventral tooth at apical 4/5; length 21-26 mm.

(Arizona, California, Mexico, Mississippi, New Mexico, Texas) _ __ E. bicolor (Bellardi)

Broad dorsum of abdominal segments black haired ; usually 6 scutellar bristles, discal
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hairs all or largely black; sursU'li without ventral tooth; length 32-35 mm. (Texas)

E. grandis ( Hine

)

7. Mystax usually wholly pale; frons at vertex as wide as at antennae; abdominal seg-

ments 2-5 with 2 black spots dorsally; anterior crossvein at or shghtly beyond mid-

dle of discal cell; length 13-20 mm. (Coast to Coast in United States, Canada to

Guatemala) E. albibarbis (Macquart)

Mystax in part black ; frons narrower at vertex than at antennae ; anterior cross-

vein at 2/3 length of discal cell or more 8

8. Abdomen wholly gray and light brown pollinose, hairs white; scutellar hairs and

bristles white; tibiae and tarsi yellowish to brown; terminalia reddish brown, apical

flange of surstyh black; length 14-17 mm. (Arizona) E. duncani, new species

Abdominal segments 2-5 black basally with short black hairs 9

9. Terminalia in dorsal view wider than the abdomen, surstyli with a rounded ridge

along the ventral margin, fringe on lower forceps of uniform width; length 14-19

mm. (California) E. vertebrata (Bromley)

Terminalia narrower than the abdomen in dorsal view 10

10. Apical margin of the surstyli straight, angle with axis about 60°, lower margin with a

suggestion of a ridge, fringe on lower forceps much wider at base than at apex;

length 15-19 mm. (Arizona, Nevada, Utah) E. zonata (Hine)

Apical margin of the surstyli slightly convex, angle with axis about 80°, no sugges-

tion of a ridge on the ventral margin, fringe on lower forceps of uniform width

from base to apex; length 13-19 mm. (Cahfornia) E. peralta, new species

Key to the Species of the Albibarbis Group—Females

1. Large flies, 25-40 mm. in length (a few specimens of bicolor may be as small as 19

mm.) 2

Smaller flies, 20 mm. in length or less 7

Figures 24-39. Albibarbis Group, lateral views of the male terminaha and ovipositors

of the Efferia species:

24. E. peralta, new species, male terminalia.

25. E. bicolor (Bellardi), male terminalia.

26. E. tagax (WilHston), male terminalia.

27. E. zonata (Hine), male terminalia.

28. E. duncani, new species, male terminaha.

29. E. willistoni (Hine), male terminalia, Carinata Group.

30. E. grandis (Hine), male terminalia.

31. E. vertebrata (Bromley), male terminalia.

32. E. albibarbis (Macquart), male terminalia.

2>i. E. similis (Williston), ovipositor.

34. E. leucocoma (Williston), male terminalia.

35. E. willistoni (Hine), ovipositor, Carinata Group.

36. E. arntata (Hine), male terminalia.

37. E. duncani, new species, ovipositor.

38. E. zonata (Hine), ovipositor.

39. E. similis (Wilhston), male terminalia.
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2. Mystax wholly white or yellow 3

Mystax with black bristles above and usually some below laterally, remainder pale

yellow or white - 4

3. Abdomen wholly white haired and yellowish gray pollinose; scutellum with white

hairs and bristles; ovipositor tapers from base to apex, 5.9 mm. long E. leucocoma

Abdominal segments 2-S black basally and black haired, 6-7 largely black and black

haired; scutellar bristles black, hairs largely black; ovipositor tapers on basal 1/3,

5.6 mm. long E. annata

4. Disc of scutellum with white hairs as long as antennal segments 1-2, usually 2 black

scutellar bristles; ovipositor 5.6 mm. long - E. bicolor

Disc of scutellum all or in part black haired, usually 4 or more marginal bristles 5

5. Femora reddish above on its whole length; ovipositor 7.0 mm. long E. tagax

Femora black, sometimes the tips reddish - 6

6. Abdominal tergite 6 laterally and the sternite white haired; ovipositor broad, 5.0

mm. long E. similis

Abdominal segments 6-7 black and black haired; ovipositor 7.1 mm. long E. grandis

7. Mystax usually all white; frons at vertex as wide as at antennae; anterior crossvein

at or near middle of discal cell; ovipositor 3.0 mm. long E. albiharbis

Mystax in part black; frons at vertex narrower than at antennae; anterior crossvein

at least at 2/3 length of discal cell 8

8. Abdominal segments 1-6 wholly white haired and gray and brown pollinose; ovipositor

4.4 mm. long _ E. dimcani

Abdominal segments black basally and black haired .— 9

9. Usually 4 bristles below on anterior side of hind femora; mesonotum largely golden

brown pollinose; venter of abdominal segments 1-3 with erect white hairs, tergite

3 with short black hairs basally; ovipositor 4.0-4.1 mm. long E. peralta

Five to 7 bristles below on the anterior side of the hind femora ; mesonotum largely

grayish pollinose; sternitcs 1-4 or 1-5 with erect white hairs 10

10. Discal hairs of scutellum not longer than antennal segment 1, half or largely black;

sternopleura with sparse hairs (about 15) ; usually 7 bristles on anterior side of

hind femora below; ovipositor 3.5-3.7 mm. long E. zonata

Discal hairs of scutellum as long or longer than antennal segments 1-2, usually largely

white; sternopleura with tuft of hairs (about 30) ;
5-6 bristles below on hind

femora; ovipositor 4.0-4.1 mm. long E. vertebrata

Efferia albibarbis (Macquart).

Erax albibarbis Macquart, 1838, Diptera exotique ou peu connus. Paris. Vol. 1, no. 2, p. 117.

Type N. A.

Erax barbatus Hine, 1919, Ann. Entomol. Soc. Amer., vol. 12, p. 109. Description, figures of

wing and male genitalia ; range from Guatemala and Baja California to Washington and

New England.

Efferia albibarbis, Martin, 1962, Jour. Kansas Entomol. Soc, vol. 35, p. 251. Description and

designation of neotype male, Bainbridge, Ohio, USNM.

Synonyms. E. barbatus authors not Fabricius, E. pumilis (Walker),

E. cinerescens (Bellardi), E. tricolor (Bellardi), and E. jurax (Williston).

Our most common species of Efferia as mentioned by Hine (1919). One

of the first to appear in the spring and persists until early fall. In California
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it occurs from April to October and is found mainly at lower elevations but

occurs up to 6,000 feet in the mountains of southern California.

Male. Length 16 mm. Hairs and bristles of the head all white; face at

the antennae 40/48 width of one eye, vertex 40; antennae measure 14-6-16-32.

Scutellar hairs white and subequal in length to antennal segment 1, 8 white

marginal bristles. Abdominal segments 1-5 and 8 gray, 6-7 white, 2 with

small brown basal spots, 3-5 black basally usually bisected; hairs short white,

longer on sides of 1-3, 4-5 and 8 with short black hairs dorsally; venter 1-5

and 8 gray, 6-7 white, hairs erect white on 1-4, short otherwise except posterior

margin 7-8 with longer white hairs. Terminalia black; dorsal hairs of surstyli

black and a few black hairs laterally and on ventral margin but largely white;

lateral hairs on lower forceps white, fringe black and about as long as antennal

segment 2. Femora black, tibiae and tarsi yellowish red, tips darker. Wings

hyaline, veins brown, anterior crossvein at 41/71 length of discal cell, costa

not dilated, stump vein as long as anterior crossvein.

Female. Length 19 mm. Sides and posterior margins of abdominal

segments grayish white pollinose, 3-7 black dorsally with short black hairs;

venter white pollinose with white hairs, short erect on 1-3; ovipositor black,

brownish or reddish basally, 3.0 mm. long.

Efferia armata (Hine).

Erax armatus Hine, 1918, Occas. Paper Mus. Zool., Univ. Mich., vol. 61, p. 4. Types, male

and female, Phantom Lake, Fort Davis Quadrangle, Davis Mountains, Texas (F. M.

Gaige) UM. Male Costula (CotuUa), Texas (F. C. Pratt), USNM.
Erax armatus Hine, 1919, Ann. Entomol. Soc. Amer., vol. 12, p. 112. Description of male

and female. Records this species from Uvalde, Texas, June, and July.

Bromley (1934) reports this from following locality in Texas: Bexar

County, June 16, 1929, July 5, 1932 (H. B. Parks).

Specimens are known from the following localities. Texas: Hidalgo County,

2 July 1933 (S. W. Bromley); 18 mi. N.W. Ft. Stockton, 11 July 1936

(D. R. Lindsay); Sabinal, 6 July 1936 (J. D. Beamer) ; 47 mi. W. Sheffield,

7 July 1936 (W. D. Field).

Male. Length 29 mm. Hairs and bristles of head yellow to white; 2

bristles on ocellar tubercle, upper occipitals and hairs at tip of palpi, black;

face 58/64 width of one eye, vertex 48; antennae measures 17-9-20-42.

Mesonotum gray pollinose, divided central stripe and intermediate spots

brown; hairs short black, a few yellowish anteriorly, on humeri and laterally

behind suture; bristles black; hairs posteriorly in central row longer black.

Scutellum gray pollinose, hairs yellowish, 5 yellowish and 2 black marginal

bristles. Abdomen white pollinose, dorsum of 2-6 brown with short black

hairs, hairs yellowish on sides of 1-5 becoming shorter apically, short white

on 6-7; venter white pollinose, erect white hairs on 1-5 becoming shorter



no CALIFORNIA ACADEMY OF SCIENCES [Proc. 4th Ser.

44. SIMILIS

48. TAGAX

49. ARNIATA 50. ALBIBARBIS



Vol. XXXIV] WILCOX: THE GEXUS EFFERIA L\ XORTH AMERICA 111

apically, short white on 6-7, 7 with a few black at middle and longer yellowish

on apical margin. Terminalia brown, hairs black, fringe as long as antennal

segments 1-2. Femora brown, tips and hind ones lighter; tibiae yellowish,

tips and tarsi brown, hairs on basal 3/4 of hind tibiae yellow, black apically.

Wings hyaline, veins brown, anterior crossvein at 62/76 length of discal

cell, very short stump vein, costa slightly dilated, subcostal cell dark brown.

Female. Length 29 mm. Broad sides and narrow posterior margins of

abdominal segments 2-5 and 6 basally and laterally gray pollinose, dorsum

2-6 black with short black hairs, hairs on sides of 1-5 white, longer on 1-3;

7 shining black with black hairs; venter 1-6 gray pollinose, 1-5 with erect

white hairs becoming shorter apically, 6 mostly and 7 all short black haired;

ovipositor black, 5.6 mm. long, basal 1/3 tapering, at middle 1/9 as wide

as long.

Efferia bicolor (Bellardi).

Erax bicolor Bellardi, 1861, Saggio di Ditterlogia Messicana, vol. 2, p. 47. Type, male,

Mexico.

Erax bicolor, Hine, 1919, Ann. Entomol. See. Amer., vol. 12, p. 110. Description of male and

female, figure of male genitalia; reports from Mexico, Texas, Mississippi, New Mexico,

and Arizona.

Bromley (1934) reports from following localities in Texas: Bexar County,

June 7-12, 1929 (H. B. Parks); Big Bend Region, summer 1928 (F. F.

Bibby); Brownsville, August 3, 1921 (C. D. Duncan); Kingsville, July

(F. M. Hull); McMellen County, July 12, 1932 (S. E. McGregor) in apiary;

Presidio, June 26, 1928 (F. L. Thomas).

Specimens are known from the following localities. Arizona: Cochise,

Gila, Graham, Maricopa, Pima, and Pinal counties, June to November.

California: Inyo, Lassen, Los Angeles, Mono, Riverside, San Bernardino, and

Figures 40-50. Albibarbis Group, lateral views of ovipositor and male hind tibiae of

the Efferia species:

40. E. grandis (Hine), ovipositor.

41. E. tagax (Williston), ovipositor.

42. E. artnata (Hine), ovipositor.

43. E. bicolor (Bellardi), ovipositor.

44. E. similis (VVilHston), male hind tibiae.

45. E. leucocoma (Williston), ovipositor.

46. E. vertebrata (Bromley), ovipositor.

47. E. peralta, new species, ovipositor.

48. E. tagax (Williston), male hind tibiae.

49. E. armata (Hine), male hind tibiae.

50. E. albibarbis (Macquart), ovipositor.
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San Diego counties, June to September. New Mexico: Eddy, Hidalgo, Otero,

and Santa Fe counties, July.

Male. Length 22 mm. Hairs and bristles of head yellowish to white;

usually about 12 bristles in mystax, 2 on ocellar tubercle, upper occipitals and

hairs apically on palpi, black; face at antennae 40/49 width of one eye,

vertex 29; antennae measure 15-7-15-34. Mesonotum gray pollinose,

divided central stripe and intermediate spots brown; hairs black subequal in

length to antenna! segment 2, all margins and humeri in part white haired,

long black posteriorly; bristles black. Scutellum gray pollinose, erect white

hairs as long as antennal segment 1-2, usually 2 black marginal bristles but

as many as 4-5. Abdomen gray pollinose, dorsum 2-5 and 6 narrowly brown

with short black hairs, hairs otherwise short white but longer on 1-2; venter

grayish white pollinose, hairs erect white on 1-2 or 1-3, short otherwise except

7 apically; 8 black, dorsal hairs mostly black, ventral hairs white. Terminalia

black, hairs black, some white at apex dorsally and on ventral margin of

surstyli and on sides of lower forceps; fringe brown with a few white hairs

laterally, as long as antennal segment 1. Legs black, tibiae except tips

yellowish red. Wings hyaline, veins light brown, anterior crossvein at 46/56

length of discal cell, short stump vein, costa slightly dilated, subcostal cell

light brown.

Female. Length 24 mm. Abdominal segments 1-6 gray pollinose, dorsum

2-6 black basally with short black hairs, 7 black and 6-7 with all black hairs,

hairs short white otherwise, longer on 1; venter 1-6 gray pollinose, hairs white

erect on 1-3, short white on 4-5, short black on 6-7; ovipositor black, 5.6

mm. long, at middle 1/8 as wide as long.

Efferia duncani Wilcox, new species.

Male. Length 16 mm. Head black, face and frons yellowish gray,

occiput gray pollinose. Mystax white with about 12 stout black bristles

above; face at antennae 33/47 width of one eye, vertex 2i\ hairs on frons

and occipital bristles yellowish white; 1 black and 1 yellowish bristle on

ocellar tubercle; beard, hairs on proboscis and below on palpi white, black

apically on palpi. Antennae black, hairs white, segments measure 12-7-16-30.

Mesonotum black, grayish brown pollinose, central stripe and intermediate

spots appearing black at most angles. Anterior hairs black, semierect, as

long as antennal segment 2, longer and mostly white posteriorly; humeri and

all margins with sparse white hairs. Bristles yellowish white, 2 presutural,

2 supraalar, 2 postalar, 3 white and 2 weak black posterior dorsocentral and

2 weak black anterior ones. Pleura grayish pollinose, hairs and bristles

white, a few short sparse black hairs on mesopleura. Scutellum gray pollinose,

erect white hairs as long as antennal segments 1-2, 2 strong and 2 weak white

marginal bristles.
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Abdomen black, 1-5 gray, 6-7 white and dorsum 2-6 light brown pollinose;

hairs short white, long on sides of 1-3; venter grayish white pollinose, hairs

short white, long erect on 1-3 and a few on 4 and apical margin of 7; 8

brown, short black hairs above, longer black and w^hite below. Terminalia

reddish brown, apical flange of surstyli black; hairs black, a few short x^ellow-

ish above apically on surstyli and 2 longer at ape.x below; fringe black as

long as antennal segment 1.

Femora black, reddish at tips; tibiae yellowish red, tips and tarsi brown.

Hairs white, a few erect hairs on fore femora and shorter hairs above on

tarsi black. Bristles black, yellowish in part on fore tibiae and on all tarsi.

Claws black, base reddish; pulvilli yellowish brown; empodia brown.

Knob of halteres yellowish, stem white, base brown. Wings hyaline, veins

yellowish to brown, anterior crossvein at 31/48 length of discal cell, short

stump vein, costa not dilated.

Female. Length 16 mm. Scutellar hairs not longer than antennal seg-

ment 2. Abdomen grayish white pollinose, dorsum of 2-5 with 2 brownish

basal spots and 6 largely brownish pollinose, base of 7 brown bare; hairs

short white, longer on sides of 1-3. Venter grayish pollinose, center of 3-6

and 7 apically black and bare of pollen; hairs white erect on 1-5, a few black

apically on 7. Ovipositor black, 3.8 mm. long, at middle 1/6 as wide as long.

HoLOTYPE. Male, San Carlos Lake, Arizona, July (D. K. Duncan), CAS.

Allotype. Female, same data.

Paratypes. 4i i
, 29 9 , same data, and August, J\V; 1 2 , Bartlett Dam, 13

July 1960 (J. E. Gillespy), CAS; 16, Sabino Canyon, Santa Catalina

Mountains, Arizona, 13 August 1924 (E. P. Van Duzee), CAS; 16, 1$, Santa

Rita Mountains, June (D. K. Duncan), CAS; IS, 26 mi. E. of Gila Bend,

Arizona, 7 August 1962 (J. Wilcox) JW.
Named in honor of D. K. Duncan of Globe, Arizona, who collected most

of these specimens and many other Asilidae in Arizona. In his notes he lists

this locality as, Rupkeys Boat Landing Bay, San Carlos Lake, 3,000 feet, August

1, 1933, sitting on damp sand near the water.

Efferia grandis (Hine).

Erax grandis Hixe, 1919, Ann. Entomol. Soc. Amer., vol. 12, p. 111. Types, male and fe-

male, Round Mountain, Texas, .\XSP.

Bromley (1934) reports from the following localities in Texas: Bexar

County, June 25, 1930 (H. B. Parks); Brownwood, August 22 (F. M. Hull);

Hidalgo County, May 26, 1930 (J. C. Gaines); Mason, July 28, August 23

(R. H. Painter); Pecos River, Sheffield, July 23 (Duncan); 11 mi. N.W. of

Sanderson, July 21 (Duncan); Weslaco, May 25, 1930 (J. C. Gaines). He
says, "£. grandis, bicolor and armatus occur in mesquite groves, resting, on

twigs or trees and resemble, in habits and appearance, large E. aestuans."
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Specimens are known from the following localities. Texas: Bexar County,

6, 12 June 1929 (H. B. Parks); Carrizo Springs, 19 June 1928 (W. A. Frazier);

Concan, 6 July 1936 (J. D. and R. H. Beamer); San Antonio (H. B. Parks);

Seymour, 30 June 1936 (M. B. Jackson); 47 mi. W. of Sheffield, 10 July

1936 (M. B. Jackson); Uvalde, 11 August 1933, prey, honey bee; Weslaco,

28 May 1933 (S. W. Bromley).

Male. Length il mm. Mystax, a few hairs on frons, beard, hairs on

proboscis and below on palpi, white; many black bristles above in mystax

and a few below on sides, hairs on frons largely, occipital bristles largely,

2 on ocellar tubercle and hairs on palpi largely, black; face at antennae

52/66 width of one eye, vertex 35; antennal hairs black, segments measure

24-9-19-48. Mesonotum yellowish gray pollinose, divided central stripe and

intermediate spots brown but appearing black; hairs short black, a few on

humeri and laterally behind suture white; bristles and longer hairs posteriorly

black. Scutellum grayish pollinose, hairs black and yellowish, 3-5 black

marginal bristles. Abdominal segments 1-5 gray, 6-7 white pollinose, dorsum

2-5 black with short black hairs; hairs otherwise short yellowish, longer on

sides of 1-2; venter gray, 1-3 with erect white hairs, shorter on 4-7. Terminalia

black, hairs black, fringe black and at the middle as long as antennal

segments 1-2. Legs black, basal 3/4 of tibiae reddish. Wings very lightly

infuscated, veins brown, anterior crossvein at 70/93 length of discal cell,

stump vein short, costa slightly dilated, subcostal cell brown.

Female. Length 38 mm. Broad sides and posterior margins of abdominal

segments 1-5 gray pollinose, dorsum 2-5 black with short black hairs, laterally

with short yellowish hairs, 6-7 shining black with black hairs; venter 1-5

and base of 6 gray pollinose, hairs erect yellowish on 1-5, shorter apically,

6-7 short black haired; ovipositor 7.1 mm. long, at middle 1/10 as wide as long.

Efferia leucocoma (Williston).

Erax leucocomus Williston, 1885, Trans. Amer. Entomol. Soc, vol. 12, p. 69. Types male

and female, western Kansas (E. W. Guild, F. H. Snow), UK.

Erax leucocomus, Hine, 1919, Ann. Entomol. Soc. Amer., vol. 12, p. 114. Description of male

and female, reports from western Kansas (F. X. Williams) and Dallas, Texas, September

5, 1905 (F. C. Bishop).

Bromley (1934) reports this species from Texas, Goldthwaite, May 29,

1933 (S. E. McGregor).

Specimens are known from the following localities. Kansas: Barber

County, 4 July 1925 (H. J. Grady); Kiowa County, 5 July 1933 (R. H.

Beamer); Logan County, 22 June 1925 (R. H. Beamer); Rawlins County,

4 July 1925 (H. J. Grady); Scott County, 18 to 25 June 1925 (R. H. Beamer,

Howard Deay, H. J. Grady); prey, cicada. Oklahoma: Cimarron County,

3 July 1933 (A. E. Pritchard). Texas: George West, 4 July 1936 (W. D.

Field); Melissa, 11 July 1935; San Antonio, 1 July 1936 (M. B. Jackson).
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Male. Length 26 mm. Hairs and bristles of head all yellowish white;

face 48/52 width of one eye, vertex i2\ antennae measure 15-7-16-41.

Mesonotum yellowish gray pollinose, divided central stripe and intermediate

spots brown; hairs short black, white in part on humeri and margins and in

central row posteriorly; bristles yellowish white. Scutellar hairs white and

usually 6 white marginal bristles. Abdominal segments 1-5 grayish, 6-7

whitish pollinose; hairs short white, longer on 1 and venter 1-2; segment 8

brown, hairs coarse white. Surstyli brown, hairs black, yellowish at tip

dorsally; lower forceps yellowish brown, hairs black, fringe brown to black

and as long as antennal segment 1. Femora dark brown, tibiae yellowish, tips

and tarsi brown. Wings hyaline, veins light brown, anterior crossvein at

45/71 length of discal cell, short stump vein, costa not dilated, subcostal

cell light brown.

Female. Length 31 mm. Abdomen grayish white pollinose, broad base

of 7 brown, hairs short white, longer on 1 and venter 1-2; ovipositor black,

5.9 mm. long, gradually tapers apically, at middle 1/9 as broad as long.

Efferia peralta Wilcox, new species.

Male. Length 16 mm. Head black; face yellowish white, frons yellow-

ish, occiput grayish white, pollinose. Mystax yellowish white, 12 black

bristles above and 1 on one side below; face at antennae 32/45 width of one

eye, vertex 20; hairs on frons white; 2 black bristles and several black hairs

on ocellar tubercle; occipital bristles yellowish; beard, hairs on proboscis and

basally on palpi, white, black apically on palpi. Antennae black, yellowish

pollinose, hairs white, segments measure 14-6-13-28.

Mesonotum black; yellowish brown pollinose, divided central stripe and

intermediate spots brown. Hairs erect black, as long as antennal segment

2; a few white hairs anteriorly, on humeri and lateral margins. Bristles black,

2 presutural, 2 supraalar, 2 postalar, 3-4 slender posterior dorsocentral and

some longer hairs. Pleura and coxae grayish golden pollinose, hairs and

bristles white, 2-3 fine black hairs on mesopleura. Scutellum grayish golden

pollinose, hairs erect, half yellowish and half black and about as long as

antennal segment 1 ; 5 black marginal bristles.

Abdomen black; segment 1, sides and posterior margins 2-5 grayish,

6-7 white, apical half 7 brownish pollinose, dorsum 2-5 black; hairs short

white, longer on sides of 1-3, 3-5 with short black hairs dorsally, 2-i on sides

with some longer black hairs. \'enter grayish white pollinose, hairs white erect

on 1-4, short on 5-7 except apical margin of 7 with longer hairs. Segment

8 black with black hairs. Terminalia reddish brown, hairs black, some

yellowish at apex above on surstyli; fringe dense black, as long as antennal

segments 1-2.

Legs black, basal 3/4 of tibiae reddish; bristles black; hairs white ^on

femora, short black above apically on all and below on hind ones; hairs on
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tibiae yellowish, black dorsally on fore and hind ones; hairs black on tarsi.

Claws black, base reddish; empodia and pulvilli brown.

Halteres yellowish, base brown. Wings hyaline, veins brown, anterior

crossvein at 41/60 length of discal cell, third vein with short stump vein, costa

slightly dilated, subcostal cell brown.

Female. Length 18 mm. Face whitish and frons yellowish white pollinose;

10 black bristles above in mystax; 2 occipital bristles on one side and 1 on

other, black. Discal hairs of scutellum mostly black. Narrow sides and

posterior margins of abdominal segments 2-6 grayish pollinose; hairs short

black; white on 1, sides of 2-4 and posterior margins 2-5, longer on sides of

1-2 and a few longer black on 2; 7 shining black and black haired; venter

1-6 yellowish gray pollinose, hairs erect white on 1-4, short on 5; 6-7 short black

haired. Ovipositor black, 4.1 mm., long, at middle 1/10 as wide as long.

Third vein with long stump vein, costa not dilated but subcostal cell light

brown.

HoLOTYPE. Male, Peralta (4 mi. E. of Olive), Orange County, California,

4 September 1955 (Guy F. Toland), CAS.

Allotype. Female, same data.

Paratypes. California: 53S6, 4299, same data and 21 June, 15, 18

July 1957, 5, 8 August 1956, 15 August 1962 (Guy F. Toland, Itol J. and J

Wilcox), JW; 2S S, Claremont, 22 June 1941 (J. Wilcox), JW; 3S S, 3? 9

East Highlands, 8 June 1964 (M. W. Stone), JW; 4SS, 49 9, Idyllwild

3 August 1935 (E. I. and Jack Beamer, Jean Russell), JW; S, 9, Joshua

Tree N. M., L. Covington Flat and Smithwater Wash, 6 August 1960 (M
Knox, E. Sleeper), CSCLB; 27(5 5, 109 9, Riverside, 8, 15 June 1941 (John

Joe Jr. and J. Wilcox), JW; 1 S
, Laguna Beach, 23 August 1921 (C. T. Dodds)

CIS; 1$, Laguna Canyon, 10 September 1963 (M. E. Irwin), UCR; 1$

La Jolla, 5 July 1935 (A. J. Basinger), CAS; 1$, San Diego, 6 July 1921

CIS; 1$, San Diego County, 4 July 1920 (L. D. Anderson), JW; 1 <5 , 19

Santa Rosa Mountain, 24 May 1936 (A. J. Basinger), CAS; IS, Whittier

22 July 1930, JW.

Efferia similis (Williston).

Erax similis Williston, 1885, Trans. Amer. Entomol. Soc, vol. 12, p. 68. Type, male, .Arizona,

UK.

Hine (1919) listed this species as a synonym of E. tagax.

Female specimens similar to those of E. tagax with a shorter, broad

ovipositor have been known for a number of years but only recently was a

male found which appears to be associated with these females.

Male. Length 26 mm. Head black, gray pollinose; mystax white, a

few black hairs below and about 15 black bristles laterally and above; face

at antennae 45/64 width of one eye, vertex 35; hairs on frons, occiput,
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proboscis and below on palpi white, apical hairs on palpi black; 2 bristles

on ocellar tubercle and 4-5 upper occipitals black, remainder yellowish white.

Antennae black, hairs white, a few above black, segments measure 18-11-18-40.

IVIesonotum black, humeri reddish; grayish pollinose, central stripe and

intermediate spots brownish; hairs black, shorter than antennal segment 2,

a few on humeri and laterally behind suture white; bristles black, 2 presutural,

1 supraalar, 2 postalar, 2 posterior dorsocentral. Pleura grayish brown pol-

linose, hairs and bristles white, a few sparse fine black hairs mainly on

mesopleura. Scutellum grayish pollinose, discal hairs black and as long as

antennal segment 2, 6 black marginal bristles.

Abdomen black, grayish pollinose (largely greased), hairs white, longer

on sides of 1-3, short black dorsally on 2-5; venter grayish pollinose, hairs

erect white on 1-5, short on 6-7. Terminalia black, hairs black; sides of

surstyli and lower forceps with short yellowish hairs, fringe black and about

as long as antennal segments 1-2.

Femora black, tibiae and tarsi reddish brown, apical 2/5 of hind tibiae

enlarged. Bristles black; hairs white, dorsally on fore femora and tibiae

and on all tarsi, black. Claws black, base reddish; empodia and pulvilli

light brown.

Halteres light brown. Wings tinged with brown especially along veins,

veins brown, anterior crossvein at 70/91 length of discal cell, short stump

vein, costa dilated, subcostal cell brown.

Female. Length 26 mm. Broad sides and narrow posterior margins of

abdominal segments grayish pollinose with short white hairs, dorsum black

with short black hairs; venter 1-6 gray pollinose with erect white hairs; 7

black with black hairs, longer on the sternite; ovipositor black, 4.3 mm. long,

at middle 1/4 as broad as long. Wings hyaline, costa not dilated, third

vein with long stump vein.

Described from a male, Skelton Canyon, Peloncillo Mountains, Arizona,

27 July 1959 (M. A. Cazier), AMNH, 5, Southwestern Research Station,

5 mi. W. of Portal, Arizona, 12 July 1957 (M. Statham), AMNH. Other

females from following localities: Arizona: Southwestern Research Station,

5 mi. W. of Portal, 19 July 1959 (M. Statham); Sabino Canyon, 12 July

1932 (R. H. Beamer); Santa Rita Mountains, 24 July 1927 (R. H. Beamer).

New Mexico: Guadalupe Mountains, 15 and 17 mi. W. of Cloverdale, 27

July 1963 (M. A. Cazier, M. Mortenson, J. Wilco.x).

Efferia tagax (Williston).

Erax tagax Williston, 1885, Trans. Amer. Entomol. Soc, vol. 12, p. 65. Type, male, Arizona,

UK. Females were taken with the male.

Erax tagax, Hine, 1919, Ann. Entomol. Soc. Amer., vol. 12, p. 113. Description of male and

female, reports from Arizona.
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Bromley (1934) reports this species from following locality in Texas:

Livermore Park, Davis Mountains, July 9 (Duncan).

Specimens are known from the following localities in Arizona: Cochise,

Gila, Pima, Pinal, and Santa Cruz counties, June to August, mostly June.

Male. Length 28 mm. Mystax white, 10 black oral bristles and 2-3

above; hairs and bristles white to yellowish, 2 bristles on ocellar tubercle

and 2-3 at apex of palpi, black (upper occipitals black in some specimens);

face at antennae 50/68 width of one eye, vertex 38; antennal hairs white,

segments measure 20-8-17-41. Mesonotum gray pollinose, divided central

stripe and intermediate spots brown; hairs short black, humeri and all margins

with some white hairs; bristles black, 2-3 posterior dorsocentral. Scutellum

gray pollinose, hairs mostly white, a few black at middle, erect and as long

as antennal segment 1, 8 black marginal bristles. Abdominal segments 1-4

gray, 5-7 white pollinose, dorsum of 2-5 and 6 narrowly black to brown, hairs

black short dorsally on 2-5, otherwise short white and longer on sides of

1-4; venter gray to white pollinose, hairs erect white on 1-5, short on 6-7;

8 black with short black hairs, apical fringe on sternite yellowish. Terminalia

black with black hairs, fringe as long as antennal segment 1. Legs black,

dorsum of femora and tibiae except tips, reddish; hind tibiae with erect white

hairs ventrally, recumbent yellowish dorsally, dense short black hairs ventrally

on apical 2/7. Wings hyaline, veins brown, anterior crossvein at 72/94

length of discal cell, short stump vein, costa dilated, subcostal cell reddish

brown.

Female. Length 31 mm. Scutellar hairs mostly black, subequal in length

to antennal segment 2, 6 black marginal bristles. Abdominal segments 1-6

grayish white pollinose, narrow dorsum 2-6 brown with a few short black

hairs, 7 black with black hairs, hairs otherwise short white, longer on 1-2;

venter 1-6 white, 1-5 with erect white hairs, short on 6, 7 black and largely

short black haired; ovipositor black, 7.1 mm. long, at middle 1/8 as wide

as long.

Efferia vertebrata (Bromley).

Erax vertebratus Bromley, 1940, Bull. Brooklyn Entomol. Soc, vol. 35, p. 14. Type, male,

Warner Springs, California, July 28, 1938 (Jean Russell) ; female, Idyllwild, California,

July 29, 1938 (Jean Russell), UK. Paratypes from Warner Springs and Towie, Cali-

fornia, and Chiricahua Mountains, Arizona, July 14, 1938 (Jean Russell). The paratype

from Arizona, a female, probably belongs to E. zonata.

Specimens are known from the following localities: California: Fresno,

Inyo, Kern, Lake, Los Angeles, Madera, Mariposa, Mono, Riverside, San

Bernardino, San Diego, Tulare, Tuolumne, and Ventura counties, June to

September. Mostly collected in the mountains from 6,000 to 8,000 feet, but

a few have been taken at quite low elevations.
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Male. Length 16 mm. Head white pollinose with white hairs and bristles

except 11 bristles in mystax and apical hairs on palpi, black; face at antennae

34/52 width of one eye, vertex 24; antennae black, grayish pollinose, hairs

white, segments measure 16-6-19-28. Mesonotum yellowish gray pollinose,

divided central stripe and intermediate spots brown; hairs on central stripe

and intermediate spots black and about 1 1/2 times length of antennal segment

2, white otherwise. Bristles black, 2 presutural, 1 supraalar, 2 postalar, 3-4

weak posterior dorsocentral, posterior hairs mostly long white. Scutellum

gray pollinose, erect white hairs as long as antennal segments 1-3, 5 yellowish

and 1 black marginal bristles. Abdomen grayish white pollinose, dorsum

2-5 black, hairs white, long on sides of 1-5, a few short black on dorsum

4-5; venter grayish pollinose, hairs erect white on 1-5 and apically on 7; 8

black with black hairs. Terminalia reddish brown; hairs black, surstyli

apically with a few yellowish hairs; fringe black as long as antennal segments

1-2. Legs black, basal 4/5 of tibiae reddish; hairs white, above on fore

tibiae and all tarsi, black. Wings hyaline, veins brown, anterior crossvein

at 49/70 length of discal cell; short stump vein; costa slightly dilated, sub-

costal cell light brown.

Female. Length 18 mm. Scutellar hairs white and as long as antennal

segments 1-2, 4 black and 2 yellowish marginal bristles. Sides and posterior

margins of abdominal segments 2-6 grayish white pollinose, 7 brownish

apically, dorsum 2-7 black; hairs on sides 1-6 and posterior margins 2-5

white, longer on 1-3; dorsal hairs black. Venter 1-6 grayish white pollinose,

hairs erect white on 1-5, short black and white on 6, all black on 7; ovipositor

4.0 mm. long, at middle 1/6 as wide as long.

The scutellar and mesonotal hairs and the erect hairs on the sides of

abdominal segments I-i vary from nearly all white to nearly all black.

Efferia zonata (Hine).

Erax zonatus Hine, 1919, Ann. Entomol. Soc. Amer., vol. 12, p. 112. Types, male and fe-

male, southern Arizona, Aug. 1902 (F. H. Snow), OSU.

In addition to the types, specimens are known from San Antonio Canyon,

California and Alamogordo, New Mexico.

No specimens have been seen from California and Hine's specimens from

California probably belong to E. vertebrata or E. peralta. The specimens

listed below from Nevada are intermediate between E. zonata and E. vertebrata.

A male specimen from Oklahoma collected and determined by A. Earl Pritchard,

probably represents a new species.

Specimens are reported from the following localities: Arizona: Chiricahua

Mountains, 8 July 1932 (J. D. Beamer); Flagstaff, 14 September 1933 (R. T.

Kellogg); Globe, August, September (D. K. Duncan), 24 September 1933

(F. H. Parker) Lot 101; Grand Canyon, 26 July 1926 (E. C. Van Dyke), 11
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August 1927 (L. D. Anderson); Granite Reef Dam, 23 June 1963 (Jim

Haddock); McMillan, 12 July 1948 (J. Wilcox); base of Pinal Mountains,

September (D. K. Duncan) ; Sierra Ancha Mountains, August (D. K. Duncan);

Superior, August (D. K. Duncan); Tempe, 19 August 1934 (A. E. Pritchard).

Nevada: Montgomery Pass, 14 September 1963 (Itol J. and J. Wilcox).

Utah: Stansbury I., 13 June 1913 (Hagan Titus).

]\Iale. Length 15 mm. Head black; white pollinose; mystax white,

10 slender oral and 12 stout bristles above black; face at antennae 30/45

width of one eye, vertex 20; antennal hairs white, segments measure 14-6-

11-28. Mesonotum black, grayish pollinose, divided central stripe and inter-

mediate spots brown; hairs black, shorter than antennal segment 2, a few

white on humeri and anterior and lateral margins; bristles black, 2 presutural,

2 supraalar, 2 postalar, 3-4 weak posterior dorsocentral. Scutellum gray pol-

linose, erect hairs mostly black and subequal in length to antennal segment 1,

4 black marginal bristles. Abdomen black, grayish white pollinose, dorsum

2-5 black; hairs short black on dorsum 3-7 and some long on 2, short white

otherwise and longer on sides 1-3; venter grayish white pollinose, hairs erect

white on 1-4; 8 black with black hairs. Terminalia reddish brown, hairs

black, white at tip of surstyli dorsally; fringe black, basally as long as antennal

segments 1-3, becoming shorter apically. Femora black, tibiae yellowish red,

the tips and tarsi brown. Wings hyaline, veins brown, anterior crossvein

at 40/51 length of discal cell; short stump vein, costa slightly dilated;

subcostal cell light brown.

Female. Length 18 mm. Discal hairs of scutellum sparse black, sub-

equal in length to antennal segment 2, 6 black marginal bristles. Abdominal

segments 2-6 grayish pollinose on lateral and posterior margins and narrow

base of 7; hairs white on sides and posterior margins 2-6, short black dorsally

on 2-6, longer on 2-3. Sternites 1-6 gray pollinose and narrow base of 7,

hairs erect white on 1-4, short on 5-6 with a few black on 6, 7 black with black

hairs; ovipositor black, 3.7 mm. long, at middle 1/8 as long as wide.

Anomala Group

Hine (1919) says, ''Three species belong to the group with three sub-

marginal cells normally. They are all rather light colored and inhabitants

of more or less arid regions. Coquillett has proposed the genus Ejjcria for

the reception of these species, but usually it is considered a synonym of

Erax. The furcation of the third vein occurs about midway between the

base of the second posterior cell and the anterior cross vein. Costa not dilated."

The group as considered here contains several species with the basal

segments of the abdomen brown or black and male segments 6 and 7 silvery

pollinose; also in these species the third vein branches at or near the end of

the discal cell. The greater number of species have the abdomen white or



Vol. XXXIV] WILCOX: THE GENUS EFFERIA IN NORTH AMERICA 121

grayish pollinose and the males of most of them have long white parted hairs

on three or more segments.

The presence of three submarginal cells is quite dependable, rarely is a

specimen found with three cells in one wing and two in the other, and very

rare are specimens with only two cells in both wings. Bromley (1951) in

a lot of 103 specimens of E. completa (Macquart) all collected at the same

time, found 97 with 3 submarginal cells in both wings, 3 with three sub-

marginal cells in the right wing and 2 in the left, and only 1 with only two

submarginal cells in both wings (2 specimens were not accounted for). James

(1941) in reference to the Anomala Group says, ''however, three submarginal

cells occur as an abnormality in occasional specimens of other species, such

as E. barbatus, E. bicaudatus, and E. pallidulusJ^

Key to the Species of the Anomala Group—Males

1. Abdomen with long white parted hair directed outward on 3 or more segments 2

Abdomen without long parted hair _ 10

2. Femora reddish posteriorly; usually larger flies, 25-32 mm. 3

Femora black, at most narrowly reddish at the base or apex; smaller flies, 13 to 25

mm. 4

3. Abdominal segments 2-i dark brown basally, 2-5 with long white parted hair becom-

ing shorter on apical segments; bristles of palpi and occiput, and hairs on terminalia

largely, black; 6-10 black scutellar bristles; fore femora 2/7 as wide as long; length

25-30 mm. (Arizona, Kansas, Mexico, New Mexico, Texas) E. anomala (Bellardi)

Abdomen wholly silvery white pollinose, segments 2-5 with white parted hair which

becomes shorter with each segment apically ; bristles of palpi and occiput, and

hairs of terminalia usually, largely white ; normally 4 black scutellar bristles ; fore

femora 3/7 as wide as long; length 25-32 mm. (Arizona, New Mexico)

E. tricella (Bromley)

4. Anterior branch of the third vein (R-4) ends in the second vein (R-2 -|- 3) ; terminaha

usually yellowish red; abdominal segments 2-7 with white parted hair; length 13-

19 mm. (Arizona, Cahfornia) E. asteci, new species

Anterior branch of the third vein ends in the costa; terminalia usually black 5

5. Scutellum with dense clumps of white hairs on either side of the disc, about 16 black

marginal bristles; mystax with many black bristles, white hairs intermixed; abdom-

inal segments 2-7 with white parted hairs decreasing in length on 4-7; length 21-

24 mm. (Cahfornia) E. anacapai (Wilcox and Martin)

Scutellum with scattered hairs on the disc, usually not more than 8 marginal bristles;

mystax wholly white ._ 6

6. Terminalia dorsally black haired and usually some black hairs on lower margin of

surstyli and in the fringe on lower forceps; scutellar and occipital bristles all or in

part black 7

Terminalia white haired, sometimes a few black hairs basally at middle of surstyli;

scutellar and occipital bristles white 9

7. Parted white hairs on abdomen becoming progressively shorter from segment 2 to 5,

short apprcssed white on 6-7 ; tail of lower forceps slender and as long as bag^-l

section; length 21-25 mm. (Kansas, New Mexico, Texas) — . E. luna, new species
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51. AMOMA.LA 52. TRICELLA.

5fe. ANACAPAI 57. A2.TECI
58. PERNICIS

59. PAVISl to. HALLl a. BRYAMTl

62. LUNA 63. ANTIOCHI
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Parted white hairs on abdominal segments 2-5 subequal in length, long appressed on

6-7 8

S. Hairs on the frons all or in part black; tail of lower forceps about 1/2 length of

basal section; hairs on venter of abdominal segments 1-7 erect but becoming

shorter apically; length 15-22 mm. (California) E. halli, new species

Hairs on the frons white; tail of lower forceps about 2/3 length of basal section; venter

of abdominal segments 1-5 with erect hairs, short on 6-7; length 21-24 mm.
(Arizona) E. gila, new species

9. Ventral abdominal hairs all short, subequal in length to antennal segment 2 ; upper

hairs in mystax subequal in length to antennal segments 1-2; length 16-21 mm.
(Arizona, Mexico, New Mexico) E. davisi, new species

Ventral hairs on abdominal segments 1-4 erect and at least as long as antennal seg-

ments 1-2; upper hairs in mystax as long as antennal segments 1-3; length 16-25

mm. (Arizona, Mexico, CaUfornia) E. Candida Coquillett

10. Abdomen uniformly gray pollinose; femora usually reddish at base and apex; ante-

rior branch of the third vein usually ends in the second vein; 8-10 scutellar bristles,

usually white; length 15-24 mm. (Arizona, California, Utah) _... E. pernicis Coquillett

Abdominal segments 2-5 largely black, 6-7 densely white pollinose 11

11. Abdomen normally wholly black haired, sometimes with a few white hairs laterally

on segments 1-3; terminalia black haired; femora black; length 16-20 mm. (Mexico,

Texas) E. completa (Macquart)

Abdomen with numerous white hairs laterally at least on segments 1-3; terminalia

largely white haired 12

12. White hairs on abdomen confined to abdominal segments 1-3; femora usually red-

dish brown dorsally ; length 17-24 mm. (Arizona) E. bryanti, new species

Abdominal segments 1-4 with white hairs; femora wholly black; length 20-26 mm.
(California) E. antiochi, new species

Key to the Species of the Anomala Group—Females

1. Ovipositor 6.6 to 7.2 mm. long _. 2

Ovipositor at most 5.4 mm. long 3

Figures 51-63. Anomala Group, lateral views of the male terminalia of the Ejjeria

species:

51. E. anomala (Bellardi).

52. E. tricella (Bromley).

53. E. completa (Macquart).

54. E. gila, new species.

55. E. Candida Coquillett.

56. E. anacapai (Wilcox and Martin).

57. E. azteci, new species.

58. E. pernicis Coquillett.

59. E. davisi, new species.

60. E. halli, new species.

61. E. bryanti, new species.

62. E. luna, new species. ^

63. E. antiochi, new species.
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75. COMPLETA
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2. Scutellum with dense dumps of white hairs laterally on the disc; ovipositor 7.2 mm.
long E. anacapai

Scutellum with sparse erect black and white hairs ; ovipositor 6.6 mm. long .. E. antiochi

3. Anterior branch of the third vein ends in the second vein 4

Anterior branch of the third vein ends in the costa 5

4. Base and apex of the femora reddish; ovipositor 4.S-S.0 mm. long E. pernicis

Femora wholly black; ovipositor 2.S-3.0 mm. long E. azteci

5. Posterior side or dorsum off the femora reddish 6

Femora wholly black 8

6. Dorsum of femora reddish; ovipositor 3.0-3.5 mm. long, with short spines on the tip

E. bryanti

Posterior side of femora reddish ; ovipositor with hairs at tip 7

7. Abdomen wholly whitish poUinose; 4 scutellar bristles, white or black; palpi white

haired; ovipositor 4.5-S.O mm. long E. tricella

Abdominal segments blackish basally ; 8 black scutellar bristles
;
palpi black haired

;

ovipositor 4.5-5.0 mm. long E. anomala

8. Ovipositor forked at tip; anterior mesonotal hairs as long as antennal segments 1-2;

ovipositor 3.5-4.0 mm. long E. completa

Ovipositor not divided at tip; anterior mesonotal hairs not longer than antennal

segment 2 — _. 9

9. Scutellar and occipital bristles white ; abdomen densely white pollinose and white

haired, segment 7 sometimes thinly pollinose and black haired dorsally 10

Scutellar and occipital bristles all or in part black ; abdomen white pollinose, seg-

ments 6-7 thinly polhnose and with black hairs at least dorsally ___ 11

10. Venter of abdomen with all short white hairs; hairs above in mystax quite dense

but not longer than antennal segment 1; ovipositor 3.7 mm. long E. davisi

Venter of abdominal segments 1-3 with long erect hairs; hairs above in mystax dense

and as long as antennal segments 1-2 or 1-3; ovipositor 3.6-3.7 mm. long _. E. Candida

11. Discal hairs of scutellum as long as antennal segments 1-2; lateral hairs on the frons

in part black; face 38/42 width of one eye; ovipositor 3.3 mm. long E. halli

Discal hairs of scutellum not longer than antennal segment 2 ; lateral hairs on the

frons white 12

Figures 64-76. Anomala Group, lateral views of the ovipositors of the Efferia species:

64. E. antiochi, new species.

65. E. tricella (Bromley).

66. E. anacapai (Wilcox and Martin).

67. E. Candida (Coquillett).

68. E. anomala (Bellardi).

69. E. gila, new species.

70. E. halli, new species.

71. E. luna, new species.

72. E. davisi, new species.

73. E. bryanti, new species,

74. E. pernicis Coquillett.

75. E. completa (Macquart). ^

76. E. azteci, new species.
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12. Fore and middle tibiae and tarsi reddish; face at antennae 42/52 width of one eye;

ovipositor 4.2 mm. long E. luna

Fore and middle tibiae at the tips and the tarsi black; face at antennae 48/53 width

of one eye; ovipositor 5.4 mm. long _ E. gila

Efferia anacapai (Wilcox and Martin).

Erax anacapai Wilcox and Martin, 1945, Bull. South. CaHf. Acad. Sci., vol. 44, p. 13.

Types male and female, Anacapa Island, California, 18 Aug. 1940 (C. Henne), LACM.

No additional material has become available. The dense clumps of white

hairs on each side of the scutellum and the numerous black marginal bristles,

separate this species readily from the others. The black bristles of the mystax

intermingled with white hairs also separate it from most of the other species

and the long slender ovipositor (7.2 mm. long) is only approached by E.

antiochi, new species.

Efferia anomala (Bellardi).

Erax anomalus Bellardi, 1861, Saggio di ditterologia messicana, vol. 2, p. }<2, fig. 7.

Types male and female, Mexico, Turin, Italy.

Erax anomalus, Williston, 1885, Trans. Amer. Entomol. Soc, vol. 12, p. 69.

Description of both sexes from Arizona.

Erax anomalus, Osten Sacken, 1887, Biologia Centrali-Amer. Insecta. Diptera, vol. 1, p.

199. Description of both sexes from northern Sonora.

Erax anomalus, Hine, 1919, Ann. Entomol. Soc. Amer., vol. 12, p. 119. Description of both

sexes from Kansas to Texas and Mexico and westward, figures of wing and male

genitalia.

C. H. Martin says that this well known and well described species mainly

from the Nearctic region is distinct from E. anomala (Bellardi) from Mexico.

Many specimens from Arizona: Apache, Cochise, Coconino, Gila, Graham,

Maricopa, Pima, Santa Cruz, and Yavapai counties. New Mexico: Grant

and Hidalgo counties. Collected from May to August but mostly taken in

July. One specimen determined as belonging to this species with only two

submarginal cells in the wings was seen with these data: Jesus Maria, Nayarit,

Mexico, 6 July 1955 (B. Malkin).

Efferia antiochi Wilcox, new species.

Male. Length 21 mm. Head brown, face and frons yellowish gray

pollinose, occiput gray pollinose. Mystax white, yellowish below and with

black hairs mixed throughout; face at antennae 40/45 width of one eye,

vertex 34; hairs on frons black and white; black hairs and 2 strong bristles

on ocellar tubercle; occipital bristles black with white hairs intermixed;

beard and hairs on proboscis white; palpi black haired with several white

below. Antennae brown, hairs black and white; segments measure 12-8-13-31.

Mesonotum black, yellowish gray pollinose, central stripe and inter-

mediate area brown at some angles. Hairs black, anterior hairs on central



Vol. XXXIV] WILCOX: THE GEXUS EFFERIA IX XORTH AMERICA U1

stripe longer than antennal segments 1-2, a few hairs on base of humeri

and on anterior and lateral margins, white. Bristles black, 3 presutural, 2

supraalar, 3 postalar and 7 dorsocentral. Pleura and coxae grayish brown

pollinose, hairs and bristles black and white, stronger hypopleurals black.

Scutellum grayish brown pollinose, hairs black with a few white basally,

about 10 black marginal bristles.

Abdomen black, segments 1-5 brown pollinose appearing black dorsally,

6-7 white pollinose. Segments 1-5 black haired with sparse white hairs

laterally and posteriorly, 6-7 white haired. Venter 1-5 brown pollinose, 6-7

white; segment 1 white haired, 2-5 mostly black and 6-7 mixed black and

white. Terminalia brown lateral hairs white, dorsal hairs on surstyli and

long hairs on ventral margin black; lower forceps white haired, ventral fringe

brown with a margin of white hairs, at base about 2 times length of antennae

1, gradually narrowing to 1/2 length apically.

Femora black, fore and middle and basal half of hind tibiae reddish, tarsi

brown. Hairs white; longer black below and above on femora, short black

above on hind tibiae and middle and hind tarsi. Bristles black; claws black,

reddish basally; empodia and pulvilli brownish.

Halteres brown. Wings hyaline, veins brown, anterior crossvein at 32/60

length of discal cell, third vein branched opposite end of discal cell.

Female. Length 26 mm. Black bristles confined to lower part of mystax

and only upper occipitals black, those along the eye margins yellowish. An-

tennal hairs white. Presutural bristles mostly yellowish. Scutellar bristles

half yellowish. Abdomen brown pollinose and white haired with short black

hairs dorsally; venter white haired; ovipositor brown and black, 6.5 to 7 mm.
long. Femora black, basal half of tibiae reddish, remainder of tibiae and

tarsi brown.

HoLOTYPE. Male, Antioch, California, 30 September 1933 (B. J. Hall),

CAS.

Allotype. Female, same locality, 16 September 1938 (B. Brookman),

CAS.

Paratypes. Calijornia: same locality, li, 13 September 1936 (B. E.

White), CAS, 2ii, \9 , 20 September 1936 (M. A. Embury), CAS,

1?, 1 October 1933, 1 <? , September 1936, JW; 26 i, 9 September 1958

(J. R. Powers, R. W. Thorp), U, 16 September 1934 (E. O. Essig), 2 9 9,

25 September 1959 (E. E. Linquist, R. W. Thorp), li, 19, 26 September

1937 (K. D. Snyder), 39 9, 12, 13 October 1947 (P. D. Hurd, C. C. and

U. N. Lanham), 1 c^ , 14 October 1954 (A. M. Barnes), \$, 39 9, 24

October 1948 (P. D. Hurd, W. W. Wirth), CIS, Si 6, 19, 15 September,

6 October 1935, 10 October 1936 (G. E. and R. M. Bohart), UCD, 19, 19

September 1936 (L. R. Jepson), 1 c^ , September 1936, UCR; 1$, Fresno, 15

December 1954 (F. Thompson), 19, 24 October 1954 (G. Frymire),
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29 9, Scout Island, San Joaquin River, 15 October 1953 (G. Wilson),

CSCF.

Efferia azteci Wilcox, new species.

Male. Length 14 mm. Head black, grayish white pollinose, face and

frons with a golden tinge. Hairs and bristles white, ocellar tubercle with

2 long bristles and 2 hairs white and several black hairs posteriorly. Face

at antennae 25/35 width of one eye, vertex 21. Antennae black, segments

measure 12-6-14-20.

Mesonotum black, gray pollinose with a yellowish tinge, broadly separated

central stripe and intermediate area appearing black at some angles. Central

and intermediate area mostly with black hairs about as long as antennal

segment 2; hairs short white otherwise except in the central row posteriorly

where they are longer. Bristles white, 2 presutural, 2 supraalar and 2 postalar.

Pleura and coxae gray pollinose with white hairs and bristles. Scutellum

gray pollinose and long white haired with about 8 white marginal bristles.

Abdomen black, densely grayish white pollinose. Hairs white, long on

segments 1-5, shorter on 6-7, parted on 2-7. Venter densely gray pollinose,

hairs white, longer basally becoming shorter apically. Terminalia brown, in

dorsal view about 1 1/2 times wider apically than at base; hairs white but

short black above on surstyli; fringe on lower forceps white, sparse, about

1/2 length of antennae 1. Segment 8 gray pollinose and white haired.

Femora black, basal 3/4 of tibiae yellowish, apex of the tibiae and the

tarsi brown. Hairs white, a few short black ones above on the femora.

Bristles white except below on the tarsi. Claws black, base reddish; empodia

and pulvilli brownish.

Halteres light brown, base brown. Wings hyaline, veins brown, anterior

crossvein at 22/41 length of discal cell, third vein branched at 7/8 distance

from anterior crossvein to end of discal cell, anterior branch of the third

vein ends in the second vein.

Female. Length 15 mm. Upper occipital bristles black. Longer hairs

in the central row of the mesonotum at the suture and a few short hairs on

humeri black. Abdomen grayish white pollinose, subshining black dorsally;

hairs short white on 1-5 and sides of 6-7, short black dorsally on 6-7; white

bristles laterally and posteriorly on 2 and posteriorly on 3-4; ovipositor

black, 3.0 mm. long. Several of the longer tarsal bristles black. Anterior

crossvein at 23/45 length of discal cell, third vein branched at 3/5 distance

from anterior crossvein to end of discal cell.

HoLOTYPE. Male, Aztec, Arizona, 16 October 1962 (J. Wilcox), CAS.

Allotype. Female, same data.

Paratypes. 19 6 c^, 27 5 9, same data and 27 October 1962 (Itol J.

and J. Wilcox); IS, 1?, Ajo, Arizona, 10 September 1947 (Itol J. and J.
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Wilcox); 1$, 12 mi. N. of Coolidge, Arizona, 18 October 1962 (J. Wilcox);

3SS, Gila Bend, Arizona, 7 September 1947 (Itol J. and J. Wilcox);

IS, Mohawk, Arizona, 25 August 1955 (J. Wilcox); 16, Organ Pipe

National Monument, Arizona, 10 September 1947 (J. Wilcox); 15, Pima
County, Arizona, October 1925 (R. A. Freeman) ; 1 5

, 7 mi. N. of Sacaton,

Arizona, 18 October 1962 (J. Wilcox); 3SS, 139 9, 8 mi. N. of Tucson,

Arizona, 19 September to 20 October 1964 (Earl G. Davis); 2S 6, 10 mi. N.
of Tucson, Arizona, 10 October 1964 (Earl G. Davis); 2SS, 2$$, 12 mi.

N. of Tucson, Arizona, 10 October 1964 (Earl G. Davis), CAS; IS, Parker,

Yuma County, Arizona, 30 August 1961 (D. C. Rentz), CAS; 1 9 , 9 mi. W.
of Blythe, California, 11 October 1958 (J. W. MacSwain), 19, Hopkins

Well, California, 11 October 1958 (R. W. Thorp), CIS; IS, 35 mi. N. of

Yuma, Arizona, 2 October 1958 (T. R. Haig), IS, Picacho Pass, Pima
County, Arizona, 13 September 1954 (J. C. Hall), 19, 10 mi. W. of Blythe,

California, 12 October 1954 (J. C. Hall), UCD.

Efferia bryanti Wilcox, new species.

Male. Length 20 mm. Head black, face and frons yellowish gray

pollinose, occiput gray poUinose. Mystax white with a definite yellowish

color except at tip, a few black hairs below and 4-5 long black bristles on

the sides below; face at antennae 38/46 width of one eye, vertex 31. Hairs

on frons black and white; ocellar tubercle with 5 black and 1 yellowish

bristles; occipital bristles black above, yellowish along eye margins; beard,

hairs of proboscis and below on palpi white, above on palpi black. Antennae

black, hairs on segments 1-2 black and white; segments measure 15-7-18-27.

Mesonotum black, yellowish brown pollinose, posterior dorsocentral stripes

and transverse suture gray. Hairs black, central crest anteriorly not longer

than antennal segments 1-2 but becomes longer posteriorly; hairs anteriorly

and laterally and about half on humeri Vv^hite. Bristles black, 3 presutural,

2 supraalar, 3 postalar. Pleura and coxae brownish pollinose; hairs white, a

few on sterno- and mesopleura black; bristles on fore and middle coxae reddish,

on hind coxae black; long slender hypopleurals black. Scutellum grayish

brown pollinose, basal hairs white becoming longer and black apically; about

8 black marginal bristles.

Abdomen black, segments 1-5 brownish pollinose, the dorsum appearing

black; 6-7 white pollinose. Segments 1-5 dorsally mostly black haired, 1-3

with white hairs laterally and posteriorly, 4-5 with a few short white hairs;

venter 1-3 mostly long black haired, 4 mostly short black and 5 mostly short

white; 6-7 short white haired dorsally and ventrally. Surstyli black, short

white haired, black hairs dorsally and sparse long black and white hairs on

ventral margin. Lower forceps brownish black, hairs white, ventral fringe

black with a few marginal white hairs, subequal in length to antennae 1.
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Segment 8 grayish poUinose, hairs white, posterior row on sternite short and

sparse.

Legs black, femora dorsally, basal 3/4 of fore and basal half of middle

tibiae brown. Bristles black. Hairs on femora white with scattered black

hairs above and below; tibia white haired with sparse fine black hairs ventrally;

fore tarsi mostly white haired, middle and hind tarsi mostly black haired.

Claws black, reddish basally; empodia and pulvilli, light brown.

Halteres brown. Wings hyaline, veins black, anterior crossvein at 32/59

length of discal cell, third vein branched at 2/3 distance between anterior

crossvein and end of discal cell.

Female. Length 19 mm. Mysta.x white, 4-7 black hairs on sides and

a number of black hairs below. Antennae mostly white haired. Three yellow-

ish and 2 black bristles on ocellar tubercle. Occipital bristles yellowish, 3 on

each side above black. Bristles on co.xae yellow. Six black scutellar bristles,

discal hairs sparse and shorter, mostly white. Abdominal segments 1-7

black haired dorsally, 2-4 with a few black hairs ventrally; ovipositor black,

small spines at tip brown. Anterior crossvein at 25/49 length of discal cell,

third vein branched at 4/5 distance from anterior crossvein to end of discal

cell.

HoLOTYPE. Male, Madera Canyon, Arizona, 4,000 feet, 2i September 1962

(J. Wilcox), CAS.

Allotype. Female, same data.

Paratypes. A2i$, 199?, same locality, 13, 14, 2Z, 24 September, 26

October 1962 (Itol J. and J. Wilcox); \$, Baboquivari Mountains, Arizona,

23 September 1933 (Owen Bryant) lot 413, 3ii, 1?, 27 September 1936,

6 October 1933 (F. H. Parker), 29 9, September (D. K. Duncan); 19,

Nogales, Arizona, 2 November 1937 (C. C. Deonier); 8(5c5, Pepper Sauce

Canyon, Santa Catalina Mountains, Arizona, 29 September 1964 (Earl G.

Davis); 19, Sierra Ancha Mountains, 29 September 1957 (Ivan Jennings),

ASU; A$$, 12 9 9, Sierritas Mountains, Arizona, 25 November, 8 December

1962 (Earl G. Davis, J. Wilcox); A$ $ , 99 9, 7 mi. N. of Tucson, Arizona,

18 October 1964 (Earl G. Davis); 19, Tucson, Arizona, Desert Museum,

12 November 1962 (Earl G. Davis).

Named in honor of the late Owen Bryant who collected many species of

robber flies, especially in Arizona.

Efferia Candida Coquillett.

Ejferia Candida Coquillett, 1893, Canad. Entomol., vol. 25, p. 176. Types male and female,

Los Angeles County, California, USNM.

Hine (1919) gives a description which includes several species and his

figure of the male genitalia appears closest to E. tricella.
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Specimens are known from the following localities: Arizona: Yuma, 17

April 1941 (J. Wilcox); 10 mi. E., 30 April 1962 (J. Wilcox); 16 mi. E., 17

April 1941 (N. R. Anderson; and Joe Jr., and J. Wilcox). California: 11 mi.

S. of Adelanto, 5 August 1957 (J. Wilcox); Agua Caliente Springs, 26 August

1947 (J. Wilcox); 15 mi. S. of Bakersfield, 12 June 1921 (C. D. Duncan)

302; 15 mi. E., 4 July 1946; 6 mi. E. of Banner, 26 June 1963 (J. Powell);

Banning, 16 July 1950 (P. D. Hurd, J. W. MacSwain, R. Schuster); Beau-

mont, 24 August 1941 (Dan F. and Guy F. Toland, J. Wilcox) ; Big Pine,

11 July 1953 (J. W. MacSwain); Cabazon, 19 June 1949 (J. Wilcox); Castaic,

24 August 1941 (J. Wilcox); Coachella Valley, 9 May 1927, 21, 22 May 1928

(E. C. Van Dyke); Devils Canyon, May 1932 (H. Gentry); Deep Canyon,

Riverside County, 5 September to 9 October 1963, 1964 (M. E. Irwin, E. I.

Schlinger); East Highlands, 24 September 1923 (F. R. Cole); Indio, 19

September 1946 (J. Wilcox); Kane Springs, 28 August 1947 (J. Wilcox); 3 mi.

N. of Lone Pine, 8 July 1961 (H. V. Daly) ; Mint Canyon, 31 July 1935 (E. I.

Beamer) ; Oasis, 10 mi. S., 6 September 1947 (J. Wilcox); Palm Springs, 21,

28, 31 May 1943 (Guy F. Toland, J. Wilcox), 22 May 1917 (E. P. Van

Duzee); Palo Verde, 15 September 1961 (P. D. Hurd); Rialto, 15 August

1956 (E. G. Linsley); Riverside, 30 June to 9 August 1927, 25 May 1928

(P. H. Timberlake); White Mountains, 5 July 1959 (J. Wilcox); White

Water, 9 July 1950 (J. W. MacSwain), prey, green buprestid. Mexico: 83

klm. S. of Organ Pipe National Monument, 21 April 1947 (A. L. Melander).

Efferia completa (Macquart).

Erax completus Macquart, 1838, Diptera exotique noveaux ou peu connus. Paris. Vol. 1,

no. 2, p. 117. Type male, N. A., Paris Mus. ?

Efferia rava Coquillett, 1893, Canad. Entomol., vol. 25, p. 176. Type, female, Texas (Mor-

rison), USNM.
Erax completus, Bromley, 1951, Amer. Mus. Novitates, no. 1532, p. 29.

"Common in the Rio Grande valley and southwestern Texas in September and October.

—distinguished from rufibarbis Macquart by the broader, larger, more bulbous genitalia,

more thickly hirsute with black hairs, the pale yellowish, almost white mystax and beard,

and the presence of three submarginal cells. The female has most of the scutellar bristles

pale, with black hairs on the disc. The presence of the three submarginal cells is not in-

variable, but it is the rule ; whereas in rufibarbis the presence of three submarginal cells is

exceptional."

Hine (1919), Martin (1962), and Martin and Wilcox (1965), consider

this species to be a synonym of E. pogonias Wiedemann (£. rufibarbis

Macquart )

.

In dorsal view the surstyli are about 1 1/2 times as broad apically as

near the base and have dense long black hairs apically and on the ventral

margin {E. pogonias not broader at apex than at base, hairs sparse and ventral

margin with about 12 long bristle-like hairs); c^ sternites 4-5 with short rather
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dense black hairs {E. pogonias with erect sparse black or white hairs).

Scutellar bristles vary in both sexes and in both species. Wings hyaline

{E. pogonias with yellow along the veins in the eastern specimens which is

not evident in specimens from Texas).

Specimens from the following localities in Texas: Bexar County, 13

October 1931 (H. B. Parks); Dimmit County, 28 October 1933 (S. E. Jones);

Pearsall, 6 to 13 October 1934 and 9, 10 November 1935.

Efferia davisi Wilcox, new species.

Male. Length 18 mm. Head black, white pollinose; hairs and bristles

white; face at antennae 35/42 width of one eye, vertex 28. Antennae brown,

segments measure 15-8-17-28.

Mesonotum black, gray pollinose, central stripe and intermediate area

brown. Hairs on central stripe and intermediate area black, shorter than

antennal segment 2; hairs anteriorly and on humeri, lateral and posterior

margins, short white, in central area posteriorly long white. Bristles white,

2 presutural, 2 supraalar, 2 postalar, 2 posterior dorsocentral. Pleura and

coxae gray pollinose, hairs and bristles white. Scutellum gray pollinose, hairs

white and about half length of bristles, 5 white marginal bristles.

Abdomen black, dorsum of segments 1-2 gray pollinose, 3-7 and venter

densely white pollinose. Hairs white, parted on 2-7 becoming shorter apically.

Venter 1-3 with short hairs about as long as antennal segment 1, shorter on

remainder. Terminalia black; hairs white, short black on dorsum of surstyli;

fringe dense, at base 2 times length of antennae 1, apically subequal in length

to antennae 1.

Femora black, basal 4/5 of tibiae yellowish red, tips of tibiae and tarsi

brown. Hairs white, hind tarsi above in part black haired. Bristles black

and white, those on fore and middle tarsi mostly white. Claws black, base

reddish; empodia and pulvilli, light brown.

Halteres brown. Wings hyaline, veins brown, anterior crossvein at 31/60

length of discal cell, third vein branched at 2/i distance from anterior cross-

vein to end of discal cell.

Female. Length 19 mm. Discal hairs on scutellum about 1/3 length

of bristles. Abdominal segments 1-6 and sides of 7, grayish white pollinose,

dorsum of 7 subshining black; hairs short white, black dorsally on 7. Venter

grayish white pollinose, segment 1 bare, 2-7 with short white hairs; ovipositor

black, 3.5 mm. long. Bristles of femora white.

HoLOTYPE. Male, 12 mi. N. of Sasabe, Arizona, 5 August 1962 (Itol J.

Wilcox), CAS.

Allotype. Female, same data.

Paratypes. 12 ^^, 19 9 9, same data (Earl G. Davis, Itol J. and J.

Wilcox), JW. Arizona: 19, Ajo, 10 September 1947 (J. Wilcox), JW; i$S,
1 9, Aztec, 7 August, 11 September 1962 (J. Wilcox), JW; 1 c^, Benson,
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June (D. K. Duncan), JW; 2? 9, Chiricahua Mountains, July (D. K.

Duncan), JW; 5 6 S, 5 9 5, Florence, 15 August 1948 (Itol J. and J. Wil-

cox), JW; 3 SS, Granite Reef Dam, Maricopa County, 9, 28, 29 August

1964 (J. M. Davidson, Jim Haddock), ASU; 3 9 9, Hayden, 12, 14 August

1948 (J. Wilcox), JW; 1 <^ , Higley, 17 July 1917 (E. G. Holt), JW; 29 9,

Huachuca Mountains, June, July (D. K. Duncan), JW; 1 9, 28 July 1907

(J. S. Hine), JW; 1 9, Mohawk, 29 August 1955 (J. Wilcox), JW; 1 6,

3 9 9, Mammoth, 14 August 1948 (J. Wilcox), JW; 1 S, Mustang Mountain,

22 August 1935 (E. I. Beamer), JW; S, Oracle Junction, 14 August 1948

(J. WMlcox), JW; 2 6 6, Phoenix, August (D. K. Duncan), CAS, JW;
$, 9, 12 mi. N. Pomerene, 14 July 1962 (J. Wilcox), JW; 2S 6, Portal, 11, 20

July 1964 (J. H. Puckle, M. A. Mortenson, M. A. Cazier), ASU; 3$S, 19,

2 mi. X.E. of Portal, 11 July 1962 (Itol J. and J. Wilcox), JW; 2 S S , 4 mi.

E. of Portal, 26 June 1964, 10 July 1962 (J. H. Puckle, J. Wilcox), ASU,

JW; 12 6 S, 14 9 9, 7 mi. E. of Portal, 10 July 1962, 23, 24 July 1964

(M. A. Cazier, M. A. Mortenson, Art Raske, Itol J. and J. Wilcox), ASU,

JW; li, 19, Pomerene, 14 July 1962 (J. Wilcox), JW; 19, Sabino Canyon,

9 September 1947 (Itol J. Wilcox), JW; 15,399, Salome, 1 September 1947

(Guy F. Toland, J. Wilcox), JW; 2 S 6, 2 9 9, Santa Rita Mountains, 18

August 1935 (E. I. Beamer), JW^; 2 $ $ , 49 9 , Sentinel, 12 August 1940, 7

September 1947 (E. C. Van Dyke, J. Wilcox), CAS, JW; 1 9, Sierritas

Mountains, 20 July 1962 (Earl G. Davis), JW; 1 S, Tucson, 13 July 1932

(E. D. Ball), JW^ 5ci, 3 9, Wenden, 17, 20 August 1947 (A. F. Howland),

17 August 1948 (J. Wilcox), JW; 1 c5 , Wickenberg, 1 September 1947 (Guy
F. Toland), JW; 19, Willcox, 14 August 1958 (J. W. MacSwain), CIS;

I i, 2 mi. S.E., 7 July 1962 (J. Wilcox), JW. Nevada: Las Vegas, 21 July

1933 (G. P. Engelhardt), JW. New Mexico: 2 9 9, U mi. S. of Animas, 27

July 1963 (M. A. Cazier, M. A. Mortenson), ASU; 1 9, Red Rock, 24 July

1932 (R. T. Kellogg), JW; 19, Rodeo, 1 August 1958 (P. M. Marsh), UCD;
20c^ (^ , 449 9 , 1 pair, 1 mi. N. of Rodeo, 9 June to 25 August 1964, 26, 28 July

1963 (M. A. Cazier, M. A. Mortenson, J. H. Puckle, Art Raske, J. Wilcox),

ASU, JW; 4 5 5, 4 9 9, 2 mi. N.W. of Rodeo, 7 to 18 July 1964, 26 July

1963 (M. A. Cazier, M. A. Mortenson, J. H. Puckle), ASU; 3 S S , 2 9 9 , 13

mi. N.E. of Rodeo, 5, 13 July 1964 (J. H. Puckle, M. A. Mortenson, M. A.

Cazier), ASU; 2 9 9, 13 mi. N.W. of Lordsburg, 8 August 1959 (L. A. Stange,

A. S. Menke), UCD.
Named for my friend and associate. Earl G. Davis of Tucson, Arizona,

who has collected a large number of robber flies for me.

Efferia gila Wilcox, new species.

Male. Length 23 mm. Head black, densely grayish white pollinose;

hairs and bristles white, upper occipital bristles and 1 on ocellar tubercle
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black. Mystax formed of a row of oral bristles with long hairs above, the

upper ones longer than antennal segments 1-2; face at the antennae 45/51

width of one eye, vertex 38. Antennae black, hairs white, segments measure

16-9-16-34.

Mesonotum black, grayish pollinose, the broadly divided central stripe

distinctly and the intermediate spots indistinctly, brown. Anterior hairs semi-

erect black, in part on humeri and laterally behind suture white; longer erect

hairs in posterior dorsocentral rows black and white. Bristles black, 2

presutural, 1 supraalar, 2-3 postalar. Pleura and coxae grayish white pol-

linose, hairs and bristles white. Scutellum grayish white pollinose, 4 black

marginal bristles, erect hairs about as long as antennal segment 1, black and

white.

Abdomen black, segments 1-7 densely white pollinose; hairs white, parted

on 2-5, long appressed on 6-7; long sparse erect on venter 1-4, short on 5-7.

Segment 8 and terminalia black, hairs white, dorsum of surstyli and the apical

tuft black and about half of the fringe on lower forceps black, subequal in

length to antennae 1.

Femora black, basal 2/3 of tibiae yellowish red, tips and tarsi brown.

Hairs white, on hind tarsi mostly black. Bristles black, about half white on

fore and middle tarsi. Claws black, reddish basally; empodia and pulvilli

brown.

Halteres light brown. Wings hyaline, veins brown, anterior crossvein

at 40/70 length of discal cell, third vein branched slightly before discal cross-

vein.

Female. Length 25 mm. Bristles of head all white; 1 of 6 scutellar

bristles black. Abdomen white pollinose, dorsum of 6-7 largely subshining

black; hairs short white, longer on sides of 1-2; dorsum of 6-7 largely short

black haired; ovipositor black, 5.4 mm. long. Bristles on femora and tibiae

in part white; middle tarsi largely black haired.

HoLOTYPE. Male, San Carlos, Arizona, 13 August 1948 (J. Wilcox), CAS.

Allotype. Female, same data.

Paratypes. 3SS, same data, IS, same locality, August (D. K. Dun-

can); S, 2 9 9, Baboquivari Mountains, El Oro Mine, 4,000 feet, 16, 18 July

1932 (D. K. Duncan); 6SS, 19, Globe, Arizona, August (D. K. Duncan);

2S£, 2 9 9, Mammoth, Arizona, 14 August 1948 (J. Wilcox); 2S6, 5

9 9
, Rice, Arizona, August (D. K. Duncan) ; all JW.

Efferia halli Wilcox, new species.

Male. Length 17 mm. Head black, grayish white pollinose. Hairs and

bristles white; hairs laterally on frons, 2 bristles and longer hairs on ocellar

tubercle, and upper occipital bristles black. Face at antennae 36/41 width
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of one eye, vertex i2. Antennae black, hairs white, sediments measure 1
1-

5-13-31.

Mesonotum black, l)ro\vnish pollinose; humeri, suture and postalar area,

fjrayish. Hairs black, anteriorly on central stripe lonj^er than antennal

.segment 2; some white hairs on humeri and on all margins. Bristles black,

2 presutural, 1 supraalar, 2 postalar, 2 posterior dorsocentral. Pleura and

coxae grayish pollinose, hairs and bristles white. Scutellum grayish pollinose,

hairs white and 2/i as long as bristles, 4 black and 1 white marginal bristles.

Abdomen black, grayish white pollinose. Hairs long white, parted on

segments 2-7 gradually becoming shorter apically. Venter gray pollino.se,

hairs white, long on 1-4, shorter on 5-7. Terminalia black; lateral hairs

white on surstyli, rather long black dorsally, and numerous longer Ijlack hairs

apically and on ventral margin; lower forceps white haired laterally and

ventrally at base, fringe Ijrown, subequal in length to antennae 1, slightly longer

basally.

Femora black, basal 2/i of tibiae yellowish red, tips of tibiae and tarsi

brown. Hairs white. Bristles mostly white on fore and middle femora and

tibiae, mostly black on tarsi and hind femora anrl tibiae. Claws black, base

reddish; empodia and pulvilli brown.

Halteres brown. Wings hyaline, veins brown, anterior crossvein at 29/54

length of discal cell, third vein branched at 2/?> distance from anterior crossvein

vein to end of discal cell.

Female. Length 16 mm. Anterior mesoncjtal hairs slightly shorter than

antennal segment 2. Di.scal hairs on scutellum about 1/2 length of the 4

black marginal bristles. Abdominal segments 1-5 grayish white pollinose,

6-7 thinly so, subshining black; 2-5 short white haired and laterally on 6-7,

dorsum of 6-7 and a few on 5 at middle, black; venter grayish white pollinose,

hairs white, long on 1-3; ovipositor black, 3.5 mm. long. Fore and middle

femora and tibiae with mostly black bristles. Anterior crossvein at 26/52

length of discal cell, third vein branched 3/4 distance from anterior crossvein

to end of discal cell.

HoLOTYPE. Male, Oak Grove, California, 1 June 1941 ((niy F. Toland),

CAS.

Allotype. Female, same data.

Paratypes. 31 6 (i , 449 9 , same data (Thelma, Dan F. and Guy F. Toland,

John and J. Wilcox), JW. Calijornia: 1 9, Anza, 5 July 1956 (B. M. Bartosh),

UCD; 4 6 c5 , 49 9, Bear Valley, Holcomb Valley, 27 June 1948 (Guy F. Toland,

J. Wilcox). JW; 19, Barton Flat, 22 June 195S (H. R. Moffitt), UCD; \i,

near Buckman Springs, San Diego County, 11 June 1953 (F. X. Williams),

CAS; 1 <i , 4 mi. X. of Cajon Junction, San Bernardino County, 1 July 1958 (J.

C. Hall), UCD; 19, Guatay, 4 July 1958 (R. W. Bushing), UCD; 1^^ 9,

Hemet Reservoir, San Jacinto Mountains, 13 July 1939, 14 June 1940, CIS; 1^,
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1 9
, Herkey Creek, San Jacinto Mountains, 14 June 1940 (D. Raski), CAS; 15,

Idyllwild, 24 June 1928 (E. C. Van Dyke), CAS; li, 19, Idyllwild, San

Jacinto Mountains, Riverside County, 27 July 1953 (W. J. and J. W. Gertsch),

AMNH; 4<5, 39, Keen Camp, San Jacinto Mountains, 10 June 1939, 23

June 1952 (H. Graham, W. C. Bush, E. S. Ross), CIS; 1^, San Diego, 16

June 1913 (E. P. Van Duzee), CAS; 6<^ c^, 39 9, San Bernardino Mountains,

9,000 feet, S.E. San Bernardino County, 30 July 1930 (Hall and Hall), JW;
8 c5 (^ , 2 2 9, South Fork Forest Camp, San Bernardino County, 6,300 feet, 3

July 1942, 27 July 1941 (Guy F. Toland, J. Wilcox), JW; 16, Warner Springs,

4 July 1962 (J. Wilcox), JW; U, 9 mi. S. of Warner Springs, 8 July 1956

(R. C. Bechtel), UCD.
Named in honor of David G. Hall (Hall and Hall, above) who was one

of the first to collect this species and who gave me all the robber flies he

collected in southern California years ago when specimens from California

were scarce in my collection.

Efferia lima Wilcox, new species.

Male. Length 20 mm. Head black, grayish white pollinose; hairs and

bristles white, 2 occipitals on one side black. Face at antennae 37/45 width

of one eye, vertex 33. Antennae black, hairs white, segments measure

14-8-15-29.

Mesonotum black, grayish brown pollinose, broadly divided central stripe

brown. Hairs short black, all margins with short white hairs; posterior

dorsocentral hairs long black and white with 2 weak black bristles. Bristles

black, 2 presuturals (1 whitish), 1 supraalar, 2 postalar. Pleura and coxae

grayish white pollinose, hairs and bristles white. Scutellum grayish white

pollinose, hairs white and about as long as antennal segment 1, 4 black marginal

bristles.

Abdomen black, segments 1-7 white pollinose, 2-5 with white parted hair

gradually becoming shorter apically, 6-7 with appressed white hairs; venter

1-3 with erect white hairs, 4-7 with short white hairs. Segment 8 and ter-

minalia black, hairs white, dorsum of surstyli with short black hairs and ventral

apical margin with 3-4 long black hairs; fringe about 1/2 length of antennae

1 with a tuft of longer hairs basally.

Femora black, reddish apically; tibiae yellowish red, tips and tarsi yellowish

brown. Hairs white, short black dorsally on hind tarsi; bristles black, partly

white on fore and middle tarsi. Claws black, base reddish; pulvilli and empodia

light brown.

Halteres brown. Wings hyaline, veins brown, anterior crossvein at 36/65

length of discal cell, third vein branched slightly before discal crossvein.

Female. Length 24 mm. Bristle of head all white. Five black scutellar

bristles; 3-4 black posterior dorsocentral. Abdomen white pollinose, dorsum
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of 7 subshining black; hairs short white, longer on sides of 1-2, dorsum of 7

with short black hairs; venter 1-4 with sparse erect white hairs; ovipositor

4.2 mm. long. Bristles of femora and tibiae in part white. Anterior cross-

vein at 43/74 length of discal cell, third vein branched at 20/35 distance

from anterior to discal crossvein.

HoLOTYPE. Male, Luna County, New Mexico, 30 July 1932 (R. T.

Kellogg), CAS.

Allotype. Female, same data.

Paratypes. 29 9, same data, JW. New Mexico: IS, Albuquerque,

5,000 feet, 26 June 1931 (Don Prentiss), JW; 36 6,3 9 9, Dona Ana County,

5 August 1932 (R. T. Kellogg), JW; 2 6 6, 1 9, Malaga, 11 July 1936 (R.

H. Beamer), JW; 1 9, Silver City, 24 June 1933 (R. T. Kellogg), JW.
Kansas: 16, Stanton County, 3,000 feet, 30 July 1911 (F. X. Williams), JW.
Texas: 16, 20 mi. S. of Alpine, 12 May 1927 (J. O. Martin), CAS; 19, Big

Bend, 7 July 1931 (G. P. Engelhardt), JW.

Efferia pernicis Coquillett.

Efferia pernicis Coquillett, 1893, Canad. Entomol., vol. 25, p. 175. Types male and female,

Los Angeles and San Diego counties, California, USNM.
Erax pernicis, Hine, 1919, Ann. Entomol. Soc. Amer., vol, 12, p. 120. Short description,

figure of male genitalia, records from Arizona and California.

Specimens are known from the following areas. Arizona: Gila, Maricopa,

Pima, Pinal, and Yuma counties. Calijornia: Imperial, Los Angeles, Orange,

Riverside, San Bernardino, and San Diego counties. Utah: Washington

county. Collected from May to September 1 but most specimens taken in

June and July.

The anterior branch of the third vein usually ends in the second vein.

The femora are usually reddish at the base and apex, specimens from the

desert taken in July and August frequently have the posterior side of the

femora reddish, and specimens from near the ocean may have the femora

wholly black. The uniformly gray pollinose abdomen without parted hairs

in the males and the rather long ovipositor of the females serve to separate

this from the related species.

Efferia tricella (Bromley),

Erax tricellus Bromley, 1951, Amer. Mus. Novitates, no. 1532, p. 2>2. Type male, Buckeye,

Arizona, June 25, 1925 (S. W. Bromley) ; female, Salome, Arizona, July 20, 1948 (W.

Goslin), USNM. Paratypes from a number of other areas in Arizona and Deming, New
Mexico.

Common in the southern half of Arizona and southwestern New Mexico.

Specimens from the following areas, Arizona: Cochise, Maricopa, Pima, Pinal,

Santa Cruz, and Yuma counties. New Mexico: Grant and Hidalgo counties. Col-

lected from May to September but most material collected in June and July.
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The figure of the male genitalia of E. Candida, Hine 1919, appears to

be that of this species as does his description in part at least.

The white parted hair on the male abdomen is longest on segment 2 and

becomes shorter on each following segment, on 6-7 it is short recumbent and

cannot be called parted. The head, neck, pleura, and coxae are largely reddish

in ground color, the mesonotum is reddish in ground color except the black

central and intermediate stripes, and the posterior side of the femora (which

are stouter than in most species as indicated in the key). E. anomala

specimens may have all these areas reddish in ground color but usually only

the humeri are plainly reddish on the dorsum of the thorax.

Arida Group

Hine 1919 defines his Aridus Group as follows: "A few species from the

more or less arid regions of western United States are much like members

of the Stramineus group, but the branching of the third vein is almost exactly

opposite the base of the second posterior cell."

This group is more likely to be confused with the Pogonias Group as

the males of most species have abdominal segments 1-5 blackish and 6-7

silvery white. In the Arida Group the mystax is composed entirely or almost

entirely of hairs while in the Pogonias Group there is a row of strong bristles

on the oral margin. Even in the females a question may develop, as it is

not always easy to tell whether the cerci are split at the tip or not. In the

Arida Group the cerci are rounded apically and tergite 9 is usually longer

than the cerci. In the Pogonias Group the cerci are pointed apically and

are longer than tergite 9 dorsally.

The males of the western species which are similar to the males of the

Pogonias Group can be separated by the largely white bristles of the legs,

especially of the tarsi, they are black or largely so in the Pogonias Group.

The Arida Group for the most part comes out in the spring while the Pogonias

Group comes out in the fall.

The branching of the third vein may be slightly before, opposite or beyond

the base of the second posterior cell (discal crossvein).

Key to the Species of the Arida Group—Males

1. Abdominal segments 4-7 silvery pollinose, segment 4 with white parted hairs; bristles

of tarsi usually black 2

At most abdominal segments 5-7 silvery pollinose, without white parted hairs on any

segments; bristles of tarsi white - 3

2. Mystax yellowish, sometimes with some black hairs below on the sides; abdominal

segments 1-3 black haired, tergite 8 brownish pollinose and sternite 8 with a dense

fringe of brown hairs apically; length 15-23 mm. (Colorado, Kansas, New Mexico,

Texas) E. snowi (Hine)

Mystax white, about 3 black bristles and some black hairs below on the sides; ab-

dominal segments 1-3 largely white haired, tergite 8 polished brown or black and
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sternite 8 with a sparse fringe of white hairs; length 13-17 mm. (Washington)

E. coulei, new species

3. Mystax with many black hairs on the sides and below, white centrally 4

Mystax white, the black hairs if any below 6

4. Wings tinged with yellow along the veins, third vein usually branched before the end

of the discal cell ; hairs above on the antennae black ; fringe on the lower forceps

sparse; length 18-26 mm. (Arizona) E. pinali, new species

Wings hyaline, third vein usually branched beyond the end of the discal cell; hairs

above on the antennae white; fringe on lower forceps dense _ 5

5. Legs black; scutellar bristles usually white, discal hairs subequal in length to the

bristles; surstyli dorsally with black hairs; length 16-26 mm. (California, Nevada,

Utah) E. arida (Wilhston)

Basal half or more of the tibiae reddish ; scutellar bristles usually all black, discal hairs

2/3 length of bristles; surstyli white haired, sometimes a few black dorsally; length

14-22 mm. (Arizona, New Mexico) E. subarida (Bromley)

6. Surstyli from dorsal view of nearly uniform width 7

Surstyli from dorsal view nearly twice as wide apically as at the base 11

7. .Abdomen white haired, at most a few black hairs at base of segments 1-3; antennae

and humeri white haired 8

Dorsum of abdominal segments 1-3 broadly black haired; antennae and humeri in part

black haired 10

8. Abdominal segments 5-7 white pollinose; pulvilli 20/35 length of the claws; length 19-

23 mm. (Arizona) E. apache, new species

.\bdominal segments 6-7 white polhnose; pulvilli 26/36 length of the claws 9

9. Abdominal segments with a few black hairs basally; mesonotal crest formed entirely

of hairs; tooth on the lower forceps acute; length 24-25 mm. (California, Nevada)

E. basingeri, new species

Abdomen white haired ; mesonotal crest formed mainly of bristles ; tooth on lower

forceps rounded apically; length 19-29 mm. (British Columbia, California, Oregon,

Washington) E. harveyi (Hine)

10. .Abdominal segments 1-3 and 4 in part with black hairs, longer at the sides; venter

white haired; length 22 mm. (Utah) E. siibpilosa (Schaeffer)

Dorsum of abdominal segments 1-3 black haired, long hairs on sides white; venter of

abdominal segments 2-4 largely black haired; length 20-31 mm. (Cahfornia)

E. tolandi, new species

11. Legs, abdominal segments 3-7 and genitaha, red; vestiture of mesonotum and scutel-

lum white; leg bristles black; length 10-12 mm. (New Mexico) __ E. cuervana (Hardy)

Femora black, tibiae and tarsi pale brownish, abdomen and genitalia black; mesonotum

black haired; leg bristles in part pale; length 16 mm. (Texas) E. prattii (Hine)

Key to the Species of the Arid.\ Group—Females

1. Legs red; abdomen reddish brown E. cuervana

Femora and abdomen black 2

2. Ovipositor 5.5 mm. long or longer 3

0\4positor 4.5 mm. long or less 7

3. Mystax with many black hairs below and on the sides; scutellar bristles black; ovi-

positor 5.5 mm. long E. pijiali

Mystax at most with a few black hairs below ; scutellar bristles largely white 4
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90. ARIDA
91. PINALI

92. SNOWI



Vol. XXXIV] WILCOX: THE GEXUS EFFERIA IX XORTH AMERICA 141

4. Ovipositor slender, about 1/10 as wide as long at the middle 5

Ovipositor broader basally, about 1/7 as wide as long at middle 6

5. Abdominal segments 2-7 usually white haired, venter 1-5 with fine erect hairs; pul-

villi 20/35 length of claws; ovipositor 5.8 mm. long E. apache

Abdominal segments 2-7 usually with black hairs dorsally, venter 1-2 with fine and
3-6 with coarse erect hairs; pulvilli 26/36 length of claws; ovipositor 5.5-5.9 mm.
long _ E. basingeri

6. Scutellar hairs all or largely white; abdominal segment 1 white haired, 2-7 at most

narrowly black haired dorsally; ovipositor 5.5 mm. long E. harveyi

Scutellar hairs all or largely black; broad dorsum of abdominal segments 1-3 and

4-7 dorsally, black haired; ovipositor 6.1 mm. long E. tolandi

7. At most 8 scutellar bristles; bristles of tibiae and tarsi in part black — 8

About 20 scutellar bristles; bristles of tibiae and tarsi largely white _ 10

8. Scutellar hairs black; ovipositor 4.0 mm. long E. prattii?

Scutellar hairs white or yellowish 9

9. Mystax yellowish; 8 black scutellar bristles; femora reddish at tip; ovipositor 3.6 mm.
long ___ _. E. snowl

Mystax white; 4-6 white or black scutellar bristles; femora all black; ovipositor 3.8

mm. long __.. E. coulei

10. Legs all black; ovipositor 4.5 mm. long E. arida

Basal half or more of the tibiae reddish; ovipositor 4.0 mm. long E. subarida

Efferia apache Wilcox, new species.

Male. Length 19 mm. Head black, grayish w^hite pollinose. Mystax

white, hairs below black; face at antennae 37/43 width of one eye, vertex

31; hairs on frons white; 4 white bristles and a few black hairs on ocellar

tubercle; occipital bristles white, hairs white with some black above; beard

Figures 77-92. Arida Group, lateral view of the male terminalia and ovipositor of the

Efferia species.

77. E. snowi (Hine), male terminalia.

E. tolandi, new species, ovipositor.

E. harveyi (Hine), male terminalia.

E. basingeri, new species, ovipositor.

E. pinali, new species, ovipositor.

E. tolandi, new species, male terminalia.

E. harveyi (Hine), ovipositor.

E. basingeri, new species, male terminalia.

E. arida (Williston), ovipositor.

E. subarida (Bromley), male terminalia.

E. coulei, new species, male terminalia.

E. subarida (Bromley), ovipositor.

E. coulei, new species, ovipositor.

E. arida (Williston), male terminalia.

E. pinali, new species, male terminalia.

E. snowi (Hine), ovipositor.
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93. APACHE

94. APACHE

Figures 93-94. Arida Group, lateral view of the male terminalia and ovipositor of the

Efferia species.

93. E. apache, new species, ovipositor.

94. E. apache, new species, male terminaUa.

and hairs on proboscis white; hairs on palpi mostly black. Antennae black;

hairs mostly white, in part black especially on segment 1 ; segments measure

17-7-29-25.

Mesonotum black, yellowish gray pollinose, the central stripe and inter-

mediate spots indistinctly brown. Hairs black, central anterior hairs subequal

in length to antennae 1-2; humeri, anterior and lateral margins with white

hairs. Bristles white, 2-3 presutural, 2 supraalar, 2 postalar, 4-5 posterior

dorsocentral and 6-7 slender black anterior ones. Pleura yellowish gray,

coxae gray pollinose; hairs and bristles white. Scutellum grayish pollinose;

hairs black subequal in length to antennae 1 ; 9 white marginal bristles and

a few longer black hairs.

Abdomen black, sides and posterior margins of 2-4 grayish pollinose, 5-7

white pollinose with some yellow basally on 5. Hairs short white, long on

sides and posterior margins of 1-3, dorsum of 1-3 with some shorter black

hairs. Venter grayish pollinose becoming white apically; hairs white, fine

erect on 1-4, short on 5-7. Eight black with sparse white hairs. Terminalia

black; hairs white, a few black basally on dorsum of surstyli; fringe brown

margined with white hairs basally, about 1/2 length of antennae 1.

Legs black, about basal half of tibiae reddish. Hairs white, a few black

below on femora especially on middle and hind ones and a few above on

hind metatarsi. Bristles white, very short ones below on tarsi black. Claws
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black, base reddish; empodia and pulvilli light brown, pulvilli 20 35 length

of claws.

Halteres light brown, base dark brown. Wings hyaline, veins brown,

anterior crossvein at 35/55 length of discal cell, third vein branched opposite

discal crossvein, stump vein 2/3 length of anterior crossvein.

Female. Length 23 mm. Bristles on head yellowish; antennal hairs all

whitish. Mesonotal bristles light brown to brownish white, 9-10 posterior

and 3-4 anterior dorsocentral plus 1-2 slender black ones. Scutellar hairs

mostly black, some whitish hairs laterally; 15 whitish marginal bristles.

Abdomen grayish pollinose; hairs short white, longer on sides of 1-3; 1

dorsally with some short black hairs and 6 brownish white lateral bristles.

Venter grayish pollinose; hairs white, fine erect on 1-5. Ovipositor black,

5.8 mm. long, at middle 1/10 as wide as long. Anterior crossvein at 36/59

length of discal cell, third vein branched slightly before discal crossvein.

HoLOTYPE. Male, Chambers, Arizona, 18 May 1965 (J. Wilcox), CAS.

Allotype. Female, same data.

Paratypes. 3SS, 109 9, same data; 16, 19, Adamana, Arizona, 18

^lay 1965 (J. Wilcox). This species has the shortest pulvilli of any seen in

the genus Ejjeria; measurements are made on the hind legs and both the

pulvilli and claws are measured from the apex of tarsal segment 5.

Efferia arida (Williston).

Erax aridus Williston, 1893, North Amer. Fauna., vol. 7, no. 2, p. 254. Type male, Death

Valley Expedition, April 1891 (California), USNM.
Erax aridus, Hine, 1919, .^nn. Entomol. Soc. Amer., vol. 12, p. 117. Description, no other

records.

Male. Length 22 mm. Head black, gray pollinose, gibbosity shining.

Mystax white, black hairs below and on sides extending to 2/3 height of

gibbosity; face 50/55 width of one eye, vertex 42. Hairs on frons mixed

black and white; 4 white and 4 black bristles on ocellar tubercle; occipital

bristles yellowish with some black hairs intermixed above; beard, hairs of

proboscis and below on palpi white, above on palpi black. Antennae black,

hairs mostly black below and mostly white above; segments measure 17-15-

29-32.

Mesonotum black, gray pollinose, central stripe and intermediate area

brown. Hairs black, anteriorly on humeri and laterally above wings white;

hairs on central stripe as long as antennal segments 1-2. Bristles white,

3 presutural, 2 supraalar and 2 postalar. Pleura and coxae thinly grayish

brown pollinose, hairs and bristles white, a few black hairs above on meso-

pleura. Scutellum thinly gray pollinose, hairs long black, about 18 white

marginal bristles.
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Abdomen black, segments 1-5 thinly brownish pollinose, apex of 5 grayish,

6-7 white pollinose. Hairs long black on 1-3, white on 4-7, sides of 1 and

posterior corners of 2-3 with some white hairs and dorsum of 4-5 with short

black hairs; venter long white haired, 2-3 with some black hairs. Terminalia

black; hairs on surstyli white, dorsally black; hairs on lower forceps white,

the ventral fringe short brown, with sparse white hairs on outer margin.

Legs black, bristles largely white, a few black ones on middle and hind

femora and tibiae. Hairs largely white, some black hairs above and below

on femora, short above apically on middle and hind femora. Claws black,

brownish basally; pulvilli and empodia brown.

Halteres brown; stem lighter. Wings hyaline, veins brown, anterior

crossvein at 48/78 length of discal cell, third vein branched slightly beyond

end of discal cell, stump vein as long as anterior crossvein.

Female. Length 26 mm. Hairs on frons and ocellar tubercle largely

white. About 24 white marginal scutellar bristles, a few white hairs basally

among the black ones. Abdomen black, sides of 1-7 and narrow posterior

margins 2-6 grayish pollinose; hairs sparse white, longer on sides of 1-4,

dorsum 1-7 with short black hairs. Venter grayish pollinose, sparse hairs

erect white. Ovipositor black, 3.8 mm. long, narrow beyond basal 1/5, at

middle 1/6 as wide as long. Anterior crossvein at 40/72 length of discal cell,

third vein branched opposite discal crossvein.

Specimens are known from the following localities. Calijornia: Adelanto,

17 March, 7 April 1957 (C. H. Martin, J. Wilcox); Boron, 3 April 1959

(E. G. Linsley, J. W. MacSwain); Cima, 27 March 1932 (Edmand Jaeger);

Inyokern, 14 March 1941 (T. H. G. Aitken); Ivanpah, 6 mi. S., 16 April 1964

(R. L. Langston); Kramer Hills, 19 April 1958, 25 April 1957 (J. Powell,

G. L Stage); Kramer Junction, 30 April 1935 (G. A. Marsh); Littlerock,

2 to 23 March 1941 (Josephine and Mary V. Lee, M. W., Jr. and M. W.
Stone, Dan Toland, Itol J., Joe Jr. and J. Wilcox); Llano, 18 March 1957

(J. Wilcox); New York Mountains, Kingstone Canyon, 5400-5800', 20-22

April 1960 (J. M. and S. N. Burns); Oro Grande, 15 April 1938 (T. Aitken);

Palmdale, 18 March 1957 (J. Wilcox); Providence Mountains, 16 April 1949

(D. Weber); Salt Wells, 7 mi. W., 31 March, 1 April 1959 (J. R. Powers,

G. L Stage, R. W. Thorp). Nevada: Clarks Station, 16 mi. E. of Reno,

9 April 1960 (P. Paige); Reno, 3 April 1959 (F. D. Parker). Utah: Santa

Clara, 21 March 1953 (James L. Eastin).

Efferia basingeri Wilcox, new species.

Male. Length 24 mm. Head black, white pollinose, face at antennae

41/51 width of one eye, vertex 35. Hairs and bristles white; a few below

in mystax, 2-3 on ocellar tubercle, 3-4 on upper occiput, and a few dorsally

on palpi, black. Antennae black, hairs white, segments measure 18-8-17-32.
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Mesonotum black, gray pollinose with a brown tinge. Hairs black, shorter

than antennal segments 1-2 anteriorly in the central row, longer posteriorly

with some white bristles; humeri, anterior and lateral margins with white

hairs. Bristles white, 3 presutural, 2 supraalar, 3 postalar. Pleura and

coxae grayish brown pollinose, hairs and bristles white. Scutellum grayish

brown pollinose, discal hairs black, 28 white bristles, a few white hairs

laterally.

Abdomen black, segments 2-5 brown subshining, sides and posterior margins

gray pollinose, 6-7 white pollinose. Hairs white, a few short black hairs at

middle basally on segments 1-3; venter white haired. Terminalia brown;

hairs on surstyli white, a few dorsally at middle black; lower forceps white

haired, ventral fringe longer basally than apically, black but almost con-

cealed by margin of white hairs; segment S white pollinose and white haired.

Femora and hind tibiae and tarsi black, middle tibiae and tarsi reddish.

Hairs white, a few short black on dorsum of fore and middle femora and

scattered longer ones above and below on hind femora. Bristles on femora

black, white on fore tibiae, mixed on middle and hind tibiae, white on tarsi.

Claws black, reddish basally; empodia and pulvilli brownish.

Halteres brown, stem lighter. Wings hyaline, veins brown, anterior cross-

vein at 37 67 length of discal cell, third vein branched opposite end of discal

cell, stump vein as long as anterior crossvein.

Female. Length 25 mm. More black hairs on the palpi. Abdomen

gray pollinose and short white haired, a few black hairs at middle of segment

1; ovipositor black, slender, 5.9 mm. long. Only basal half of fore tibiae

reddish.

HoLOTYPE. Male, Pyramid Lake, Nevada, 4 October 1935 (A. J.

Basinger), CAS.

Allotype. Female, Winnemucca Lake, Nevada, 4 October 1935 (A. J.

Basinger), CAS.

Paratypes. Xevada: 1 i , 4 9 9, same data as holotype, CAS, male and

female on same pin, 27 September 1953 (R. M. Bohart), UCD; 2 6 6,399,
Fernley, 14 September 1956 (T. R. Haig), UCD; 12 6 6, 5??, 4 mi. N.,

12 September 1963 (J. Wilcox), JW; 1 (?, 19, 22 mi. S., 12 September 1963

(J. Wilcox), JW; 4 <? ^, 3 9 9, 17 mi. S. of Hawthorne, Whiskey Flat, 13

September 1963 (J. Wilcox), JW; 1 ci , Las Vegas, 17 September 1958 (T. R.

Haig), UCD; 26, Lovelock, 30 August 1956 (T. R. Haig), UCD; 2 6 6,1

9, 5 mi. W. of Nixon, 9 September 1960 (A. S. Menke), UCD; 1 9, 17 mi.

N. of Sparks, Washoe County, 2 September 1951 (E. G. Linsley) Chryso-

thamnus nauseosus consimilis, CIS; 1 9, Valmy, 13 September 1956 (T. R.

Haig), UCD; AO 6 6 , 11 9 9, 2 mi. N. of Wadsworth, 12 September 1963

(ltd J. and J. Wilcox), JW; 16, 2 9 9, Winnemucca, 30 August 19i6,

9 September 1959 (T. R. Haig), UCD; 10 c? c5 , 12 9 9, 15 mi. S.W., 9
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September 1959 (T. R. Haig), UCD. California: 1 i, Antelope Springs,

Inyo County, 24 August 1960 (J. W. MacSwain), CIS; 2 S S on one pin,

2 9 9, Deep Springs, Inyo County, 10 September 1965 (J. A. Chemsak, P.

D. Hurd) Chrysothamnus, CIS; 1 9, 10 mi. S. of Eagleville, Modoc County,

11 August 1959 (J. A. Chemsak), CIS.

Named in honor of A. J. Basinger, Riverside, California, who has been

interested in and collected robber flies for a number of years.

Efferia coulei Wilcox, new species.

Male. Length 15 mm. Head black, grayish white pollinose, subshining

on frons and gibbosity. Mystax white, lower 2/5 on the sides black; face at

antennae 31/34 width of one eye, vertex 28; hairs on sides of frons largely

black; 6 black bristles on ocellar tubercle; occipital bristles black, hairs white;

beard, hairs on proboscis and below on palpi white, above on palpi black.

Antennae black; hairs above black, mixed black and white below; segments

measure 10-6-12-21.

Mesonotum black, grayish brown pollinose, central stripe and intermediate

area darker at some angles. Hairs black, central hairs sparse but extending

into dorsocentral rows, as long as antennal segments 1-2; a few white hairs

on humeri and above wings. Bristles black, 3 presutural, 2 supraalar, 2

postalar. Pleura and coxae brownish pollinose, hairs and bristles white.

Scutellum brownish pollinose, hairs black, 6 black marginal bristles.

Abdomen black, segments 1-3 and narrow base of 4, brownish pollinose,

the dorsum shining black at some angles, 4-7 whitish pollinose. Hairs white,

long on sides of 1-3 and parted on 4, dorsum 1-3 short black haired; venter

white haired. Terminalia black; hairs on surstyli yellowish, black dorsally;

lower forceps yellowish haired, ventral fringe brown, long basally becoming

shorter apically, a few outer hairs yellowish. Segment 8 subshining black,

yellowish haired.

Femora black, tibiae and tarsi brownish. Hairs white, above and below

on femora black, those on middle and hind ones short. Bristles black; claws

black, reddish basally; pulvilli and empodia light brown.

Halteres brown, stem lighter. Wings hyaline, veins brown, anterior

crossvein at 24/41 length of discal cell, third vein branched opposite end of

discal cell, stump vein subequal in length to anterior crossvein.

Female. Length 14 mm. Two stronger black bristles and a few hairs

below in mystax black. Occipital bristles white except 2 black on one side.

Antennal hairs below white, mostly black above. Five of the scutellar

bristles white, discal hairs short black and white. Abdomen grayish pollinose,

dorsum of 1-7 and sides of 7, subshining brown; hairs short white with a

few black on dorsum; ovipositor brown, 3.6 mm. long. Hairs on legs white
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except a few short ones above on middle and hind femora. Third vein

branched slightly beyond end of discal cell.

HoLOTYPE. Male, Moses Coule, Washington, 5 May 1935 (Itol J. Wil-

cox), CAS.

Allotype. Female, same data, 7 May 1933.

Paratypes. 2Aii, 179$, same data, 4, 5 May 1935, 6, 7 May 1933

(Itol J. and J. Wilcox), JW; 16,399, Ellensburg, Washington, 11 June
1933 (C. W. Getzendaner), JW.

Efferia cuervana (Hardy).

Erax cuervanus Hardy, 1943, Jour. Kansas Entomol. Soc, vol. 16, p. 27, fig. male genitalia.

Type male, Cuervo, New Mexico, June 23, 1940 (E. E. Kenaga), female, and male

and female paratypes, same data (R. H. Beamer, D. E. Hardy, L. C. Kuitert), UK.

This species has not been seen by me. Its small size, length 10-12 mm.,

yellowish red legs except extreme apices of femora and apical subsegments of

tarsi, blackened, readily separates it from the other species. The hypopygium

is reddish with yellow hairs, black on dorsum; in dorsal view it is broad apically

and narrow at base, similar to E. prattii (Hine).

Efferia harveyi (Hine).

Erax harveyi Hine, 1919, Ann. Entomol. Soc. Amer., vol. 12, p. 115. Types male and female,

Vernon, British Columbia, August 11 and 15, 1904 (Captain R. \'alentine Harvey), OSU.

The late S. W. Bromley compared specimens for me with the Hine types

in 1935.

Specimens are known from the following localities. California: Gazelle,

Siskiyou County, 22 September 1951 (Jack Hall, E. I. Schlinger). Oregon:

Hermiston, 18 September 1917 (M. M. Reeher). Washington: Buena, 23

August 1936 (Wm. W. Baker); Kennewick, 8 September 1932 (J. Wilcox);

6 mi. W. of Cowiche, 10 August 1941 (Reeves and Brookman); Kiona, 10

August 1934 (J. Wilcox); Mabton, 23 August 1936 (Wm. W. Baker); Prosser,

1 October 1931 (M. C. Lane); Republic, 6 August 1935 (L. D. Anderson,

J. Nottingham, H. T. Peters); Soap Lake, 9 September 1931 (A. E. Bonn);

Selah, Yakima County, 6 mi. N.E., 9 August 1941 (B. Brookman); White

Swan, Yakima County, 24 August 1941 (B. Brookman); Yakima, 12 August,

7 September 1932 (A. R. Rolfs), 28 August 1932 (Wm. W. Baker).

Efferia pinali Wilcox, new species.

Erax subaridus Bromley, 1941, Bull. Brooklyn Entomol. Soc, vol. 35, p. 14, in part.

Male. Length 23 mm. Head black, white pollinose, gibbosity and frons

subshining; face at antennae 46/50 width of one eye, vertex 35. Mystax

white, hairs below and on sides extending 5/6 distance to antennae black;
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hairs on sides of frons mixed black and white; 6 black bristles on ocellar

tubercle and some long black hairs; occipital bristles white but some hairs

on upper occiput black; beard, hairs on proboscis and below on palpi white,

palpi mostly black haired. Antennae black; hairs black and white, segments

measure 20-8-20-34.

Mesonotum black, grayish brown pollinose, central stripe and intermediate

area black at some angles. Hairs black, on central stripe as long as antennal

segments 1-2; a few white hairs above wings. Bristles, 3 yellowish presutural,

1 supraalar and 2 postalar black. Pleura and coxae brownish pollinose, hairs

and bristles white, above on mesopleura black. Scutellum brownish pollinose,

hairs black and nearly as long on disc as posteriorly, 17 slender black marginal

bristles.

Abdomen black, segments 1-5 brownish pollinose but appearing black, sides

and posterior margins 2-5 and 6-7 wholly, gray pollinose. Hairs dorsally black

becoming shorter apically, on the sides white; 6-7 mostly fine recumbent

white haired; venter white haired, some black on 2-3 and apex of 7. Terminalia

black; surstyli white haired, dorsally black haired and with 4-5 long black

hairs on lower margin apically; lower forceps white haired, ventral fringe

short sparse brown with marginal white hairs.

Legs black, basal 4/5 of fore and middle and basal 1/2 of hind tibiae

reddish. Hairs white, some long black hairs below on femora and some

short black above on middle femora. Bristles of femora and tibiae black, of

tarsi white. Claws black, base reddish; empodia and pulvilli brownish.

Halteres brown. Wings hyaline, yellowish along the veins especially

apically, veins brown, anterior crossvein at 45/73 length of discal cell, third

vein branched opposite end of discal cell, stump vein subequal to length of

anterior crossvein.

Female. Length 27 mm. Abdomen grayish pollinose, the dorsum brown

subshining black; hairs short white, black dorsally; venter white haired;

ovipositor black, 6.4 mm. long. Bristles of femora in part yellowish and

anteriorly on fore tibiae white.

HoLOTYPE. Male, base of Pinal ]Mountains, Arizona, March (D. K.

Duncan), CAS.

Allotype. Female, Globe, Arizona, March (D. K. Duncan).

Paratypes. 12SS, 99 9, same data as holotype, JW; 2SS, 19, same

data as allotype, JW; 2SS, 59 9, Roosevelt Lake, Arizona, April (D. K.

Duncan), JW; 2 9 9, Sierra Ancha Mountains, Arizona, March (D. K.

Duncan), JW.
Bromley (1941) says, "The series of paratypes from the base of the

Pinal Mountains, Arizona, collected by Mr. Duncan, are larger (21-25 mm.)

and blacker with even more black bristles on the legs."
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The holotype locality is given by Mr. Duncan as 15 mi. SE. of Globe,

Mescal Mountains, 4,000-5,000 feet, March 7, 1934. The Pinal Mountains are

south of Globe and according to the maps available are circled on the south

and south west by the ^Mescal Mountains. The Roosevelt Lake locality is

given as, on summit between Globe and Roosevelt Lake, N.E. tip of Super-

stition Mountains, elevation about 4,000 feet, ]March 11, 1934.

Efferia prattii (Hine).

Erax prattii Hine, 1919, Ann. Entomol. Soc. Amer., vol. 12, p. 117, fig. male genitalia dorsal

view. Type male, Laredo, Texas, November 25, 1905 (F. C. Pratt), OSU.

Bromley (1934) reports from Bexar County, Texas, May 28, 1929

(H. B. P.). This specimen, a female, was collected March 28, 1929 (H. B.

Parks) and is very similar to other specimens collected in the same locality by

Mr. Parks in April and May and determined as belonging to E. snowi (Hine).

Hine's figure of the male genitalia, dorsal view, shows it to be twice as

broad apically as at the base, femora black and length 16 mm.

Efferia snowi (Hine).

Erax snoivi Hine, 1919, Ann. Entomol. Soc. Amer., vol. 12, p. 116. Types male and female,

Clark County, Kansas, 1,962 feet. May (F. H. Snow), OSU. More than 50 other speci-

mens from Kansas, Colorado, New Mexico, and Texas.

Bromley (1934) reports from the following localities in Texas: Bexar,

Frio, Jim Hogg, Mills, and Travis counties. February 18-June.

James (1941) reports from Colorado: Francis; Arboles: Horsetooth Gulch,

Larimer County; College Pasture and Spring Canyon, near Ft. Collins;

Chimney Rock; Late May to August and says, "This is our earliest Erax in

chaparral near Ft. Collins."

Specimens are known from the following localities. Xew Mexico: 7.5 mi.

W. of Moriarity, 17 :May 1965 (J. Wilcox); 5 mi. W. of Santa Rosa, 17 May

1965 (J. Wilcox); 5 mi. N. of Vaughn, 16 May 1965 (J. Wilcox). Texas:

Bexar County, 5, 9, 27 April, 1 May 1929 (H. B. Parks); Dimmit, 18 March

1933; Goldthwaite, 21 April 1922; Pearsall, 18 April 1933 (B. E. Jones);

Taylor, 9 May 1928.

nine's types were 22 mm. long. Most of the above specimens are smaller

but range from 14 to 24 mm. in length.

Efferia subarida (Bromley).

Erax subaridus Bromley, 1941, Bull. Brooklyn Entomol. Soc, vol. 35, p. 14 (in part). Types

male and female, Tucson, Arizona, March 8, 1937 (W. Benedict), UK. Paratypes, same

data and Baboquivari Mountains, Arizona, March 31, 1937 (W. Benedict), and base of

Pinal Mountains, March (D. K. Duncan).
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Material is known from the following localities. Arizona: Ciengo Creek,

near Pantano, 3,000 feet, 14 March 1932 (D. K. Duncan) ; 2 mi. N.E. of Portal,

11, 16 February 1962 (M. A. Cazier) ; Santa Catalina Mountains, 17 March

1937 (Owen Bryant) Lot 19, March (D. K. Duncan); Tucson, 15 March

1937 (Owen Bryant) Lot 18, 8 mi. N., 22, 23 February, 15, 16 March 1963

(Earl G. Davis). New Mexico: Albuquerque, 1 May 1937 (G. P. Engelhardt)

;

Grant County, 11 March 1934 (R. T. Kellogg).

Efferia subpilosa (Schaeffer).

Erax siibpilosus Schaeffer, 1916, Jour. New York Entomol. Soc, vol. 24, p. 67. Type male,

Beaver Creek Hills, Beaver County, Utah (Doll and Engelhardt), USNM.
Erax siibpilosus, Hine, 1919, Ann. Entomol. Soc. Amer., vol. 12, p. 118.

Male description except for the last line is the Schaeffer description. The

female description could fit E. basingeri as he reports specimens from Reno,

Nevada, New Mexico, and California. It is possible that E. basingeri will be

a synonym of E. subpilosa but it is not certain that E. subpilosa belongs in

the Arida Group, Hine mentioned the white leg bristles but they are not

in the Schaeffer description. The only material available from southwestern

Utah belongs in the Pogonias Group.

Efferia tolandi Wilcox, new species.

Male. Length 28 mm. Head black, gray pollinose; face at antennae

50/60 width of one eye, vertex 45. Hairs and bristles white except a few

below in mystax and dorsally on palpi black. Antennae black, hairs white,

segments measure 20-8-18-43.

Mesonotum black, gray pollinose with slight brownish tinge. Hairs black,

anterior crest shorter than antennal segments 1-2 with longer black hairs

and white bristles posteriorly; hairs on anterior and lateral margins and

mostly on humeri, white. Bristles white, 3-4 presutural, 3 supraalar, 4-5

postalar. Pleura and coxae black, grayish pollinose, hairs and bristles white.

Scutellum black, grayish pollinose, discal hairs black, about 20 white marginal

bristles.

Abdominal segments 2-5 black, thinly brown pollinose, margins of 5 and

6-8 white pollinose. Hairs white, dorsum of 1-3 with black hairs basally.

Venter 1-5 brownish, 6-7 white, 8 black; hairs erect white on 1-5, a few black

on 2-3. Terminalia black; surstyli with white hairs, dorsum black haired;

lower forceps white haired, ventral fringe black with numerous marginal white

hairs, fringe dense and about as long as antennal segment 1.

Legs black, tibiae slightly brownish basally. Hairs white, some black

above and below on femora and above on hind tibiae. Bristles largely white,

some on femora black and below on tarsi. Claws black, reddish basally;

empodia and pulvilli brownish.



Vol. XXXIV] WILCOX: THE GEXUS EFFERIA IX XORTH AMERICA 151

Halteres brown. Wings hyaline, veins brown, anterior crossvein at 46/81

length of discal cell, third vein branched opposite the end of the discal cell,

stump vein a little shorter than the anterior crossvein.

Female. Length 31 mm. Two bristles and a few hairs on each side of

upper occiput, black. Sides and posterior margins of abdominal segments

grayish pollinose, dorsum black with short black hairs, hairs on sides white,

longer on 1-3; venter grayish pollinose, hairs erect white on 1-6, shorter on

7; ovipositor black, 6.1 mm. long, at middle 1/10 as wide as long.

HoLOTYPE. Male, Independence, California (Grays Meadow), 9 October

1964 (J. Wilcox), CAS.

Allotype. Female, same data.

Paratypes. 2SS, 129 9, same data (Itol J. and J. Wilcox), JW;
l£, 3 2 2, 5 mi. N. of Big Pine, California, 6 September 1958 (A. D.

Telford), UCD; 16, Cushenbury Springs, San Bernardino County, California.

18 September 1948 (Guy F. Toland), 12, same general locality, 6.7 mi.

S.E. of Lucerne Valley, California, 4 October 1963 (J. Wilcox), JW; 15,3 mi.

N.E. of Mojave, Kern County, California, 6 October 1957 (J. W. MacSwain),

CIS; 4S S, 12, Mono Lake, California, 13 September 1963 (J. Wilcox), JW;
16, Sherwin Summit, Mono County, California, 10 September 1956 (E. G.

Linsley), CIS; IS, Walker Pass, Kern County, California, 8 October 1957

(J. C. Hall), UCD.

Carinata Group

Hine (1919) defines this group as follows: 'Tn Western United States

and extending into Mexico and Central America there are several species of the

genus Erax that are distinct from the others on account of the following

characters: •

"The dorsum of the mesothorax is more convex than usual, with a distinct

crest of erect hairs on the middle of the dorsum, beginning just behind the

head and extending back to beyond half the distance to the scutellum.

Branching of the third vein beyond the base of the second posterior cell;

stump rudimentary or altogether absent in the male, present and somewhat

variable in length in the female; costa in the male always thickened and

expanded but much more evident in some species than in others."

The crest on the mesonotum arises from the central stripe and in most

species is formed of dense hairs but in E. cressoni, E. latruncula, and E.

ordwayae it is composed mainly of bristles or bristlelike hairs. The ground

color of the body is metallic black with greenish or purplish reflections. The

mesonotum appears to be more highly arched and compressed laterally than

in the other groups, its height at the suture is about three-fourths its wijjth

in dorsal view.
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Efferia willistoni has been transferred to this group from the Albibarbis

Group where it was placed by Hine. It shows most of the above characters

plus the rudimentary stump vein and dilated costa in the males, but the

mesonotal crest is not as definite as in the other species. The anterior

mesonotal hairs are subequal in length to antennal segment 1 and nearly

twice as long at the suture. With this transfer all the Nearctic species in

the Albibarbis Group have quite short hair anteriorly on the mesonotum.

Key to the Species of the Carinata Group—Males

1. Abdomen without long white parted hair 2

Abdomen with long white parted hair on several segments 6

2. Abdomen wholly grayish pollinose and white haired; scutellar bristles white; femora

black, tibiae and tarsi reddish; hairs and bristles of head all white, of mesonotum

white except crest formed of a few black bristles and sparse black hairs; costa not

dilated; length 16 mm. (Arizona, New Mexico) E. ordwayae, new species

Basal part of abdominal segments 2-4 or 2-S black, at least some black hairs on 4-5;

scutellar bristles black 3

3. Scutellum with 10 marginal bristles or less, usually black, discal hairs white; wings

hyaline or nearly so 4

Scutellum with about 20 black bristles, discal hairs black and white, sparse; wings

brownish or tinged with brown 5

4. Mesonotal crest formed mainly of bristles as long as antennal segments 1-2 ; abdominal

segments 5-7 white pollinose, 5 with a dorsal brown spot, venter with short hairs on

segments 4-6; length 15-18 mm. (Arizona, Montana, New Mexico)

_ E. lalrnncula (Williston)

Mesonotal crest formed of hairs, anteriorly as long as antennal segment 1 ; abdominal

segments 5-7 or 6-7 white pollinose, venter of 1-7 with long erect white hairs; length

13-23 mm. (Arizona, Colorado, Mexico, New Mexico) .._ ._— E. wilUstoni (Hine)

5. Abdominal segments 1-5 largely black, 6-7 silvery polHnose, 5 with short black hairs;

lower forceps with lower apex acute, sternite 9 visible as 2 shining lobes; length

18-23 mm. (Arizona, Colorado, New Mexico) E. jiibata (Williston)

Abdominal segments 1-4 largely black, 5-7 silvery pollinose, 5 with long white hairs

apically; lower forceps with lower angle obtuse, sternite 9 not visible; length 15-19

mm. (Arizona, Mexico, New Mexico) E. prolifica (Osten Sacken)

6. Mystax largely white; wings hyaline 7

Mystax largely black; wings light brownish 8

7. Mesonotal crest dense, narrow, formed mainly of hairs; abdominal segments 2-6 with

long white parted hair; length 12-17 mm. (Arizona, California, Mexico, Nevada) ....

E. Calient e, new species

Mesonotal crest sparse, formed mainly of bristles; abdominal segments 2-5 with long

white parted hair; length 12-15 mm. (Arizona, New Mexico, Texas)

E . cressoni ( Hine

)

8. Mesonotal crest of hairs anteriorly subequal in length to antennal segment 1 ; discal

hairs of scutellum sparse white and shorter than marginal bristles; abdominal seg-

ments 2-7, 3-7 or 4-7 white pollinose with sparse white parted hairs; length 13-23

mm. (Arizona, Colorado, Mexico, New Mexico) E. willistoni (Hine)

Mesonotal crest of hairs subequal in length to antennal segments 1-3; discal hairs of

scutellum dense white and nearly as long as the marginal bristles 9
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9. Abdominal segments 2-5 with white parted hair, 2-4 and 7 largely black, 7 with black

hairs apicalh'; length 15-20 mm. (Arizona, Colorado, Montana, Nevada, New Mex-

ico) E. subcuprea (Schaeffer)

Abdominal segments 2-6 with white parted hair, 2-3 black basally, 7 white pollinose

with short white hair; length 14-16 mm. (Arizona, Colorado, Montana, Utah, Wyo-
ming) E. costalis (Williston)

Key to the Species of the Carinat.a Group—Fem.ales

1. Ovipositor short and broad, at the middle 4-5 times as long as broad, length 3.0 to

3.5 mm. 2

Ovipositor slender, at the middle at least 6 times as long as broad, length 4.0 mm. or

more 4

2. Mesonotal crest narrow, dense, formed mainly of black hairs; legs black, at most

tibiae reddish basally; ovipositor 3.4 mm. long E. caliente

Mesonotal crest sparse, formed mainly of black bristles; tibiae and tarsi largely red-

dish _ 3

3. Leg bristles largely white, tibiae and tarsi reddish; abdomen largely grayish poUinose;

ovipositor 3.0 mm. long E. cressoni

Leg bristles largely black, tips of tibiae brown; central basal portion of abdominal seg-

ments dull black; ovipositor 3.0 mm. long E. latruncida

4. Ovipositor 5.6 to 6.5 mm. long S

Ovipositor 4-5 mm. long - 6

5. Mesonotal crest of hairs subequal in length to antennal segments 1-3; discal hairs of

scutellum dense and nearly as long as the marginal bristles; ovipositor 5.6 to 6.5

mm. long E. subcuprea

Mesonotal hairs anteriorly subequal in length to antennal segment 1 ; discal hairs of

scutellum sparse, about half the length of marginal bristles; ovipositor 5.6 mm. long

E. willistoni

6. Scutellum with about 20 bristles, hairs black and white 7

Scutellum at most with 6 marginal bristles, hairs white 8

7. Ovipositor constricted between segments 8 and 9, tergite 9 rugose on upper half; ovi-

positor 4.5 mm. long E. jiibata

Ovipositor not constricted, tergite 9 largely polished with a small roughened area dor-

sally; ovipositor 4.6 mm. long E. prolifka

8. Mystax white; scutellar bristles white; mesonotal crest formed of sparse bristles;

abdomen gray pollinose; ovipositor 4.9 mm. long E. ordwayae

Mystax about half black and white; 2-4 black scutellar bristles; mesonotal crest formed

of moderately dense hairs; abdominal segments 2-7 black, sides and posterior margins

gray pollinose; ovipositor 3.5 mm. long (see text) __. E. costalis

Efferia caliente Wilcox, new species.

Male. Length 15 mm. Head black, white pollinose, gibbosity and frons

subshining black. Oral hairs of mystax black, white above with about 24

longer black bristlelike hairs on the sides and mixed in above; face at

antennae 34, 40 width of one eye, vertex 28. Frons with fine erect white

hairs, 2 black on one side; ocellar tubercle with 2 long slender black bristles;

3-4 yellowish occipital bristles, 2 black on one side, numerous fine white hajrs;

beard, hairs on proboscis and basally on palpi white, palpi apically with long
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95. CRESSOMI

%. SUBCUPREA

108. COSTALIS
109. CALIENTE

110. CALIENTE
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dense black hairs. Antennae black, hairs white, 2-3 black hairs below on

segment 1; segments measure 12-6-12-24.

Mesonotum black, grayish white pollinose, intermediate spots thinly

brown pollinose but appearing black at most angles. Central crest formed

of dense black hairs as long as antennal segments 1-2 extending to scutellum,

sparse shorter white hairs on sides and longer black bristlelike hairs mixed in

crest; sparse erect hairs on intermediate area black, humeri and margins with

erect white hairs. Bristles black, 2-3 presutural, 1-2 supraalar, 1-2 postalar, 1

black posterior dorsocentral on one side, 3-4 others white hair-like. Pleura

and coxae thinly gray pollinose, hairs white, a few black hairs on sterno- and

mesopleura. Scutellum thinly gray pollinose, subshining black, about 24 long

white bristlelike hairs on posterior margins, discal hairs dense erect white and

as long as antennal segments 1-2.

Abdomen subshining metallic black, narrow sides and posterior margins of

segments 2-4 grayish pollinose, 5-7 densely grayish white; long white parted

hair on 1-6, short on 7. Venter grayish pollinose, subshining black; hairs

long dense erect white; 6-7 bulging; 8 narrow with short coarse white hairs.

Terminalia shining black; surstyli with short white hairs, dorsum narrowly

with short black hairs, ventral margin with longer white hairs; lower forceps

with sparse white hairs, ventral fringe dense brown margined with sparse white

hairs, fringe as long as antennal segments 1-2.

Legs black; bristles black; hairs white, on dorsum of fore femora long

fine erect black and a few black hairs among the white below on the fore femora

<-

Figures 95-110. Carinata Group, lateral view of the male terminalia and ovipositor of

the Efferia species.

95. E. cressoni (Hine), male terminaha.

96. E. subcuprea (Schaeffer), ovipositor.

97. E. ordwayae, new species, ovipositor.

98. E. proUjica (Osten Sacken), male terminalia.

99. E. proUjica (Osten Sacken), ovipositor.

100. E. jubata (Williston), ovipositor.

101. E. jubata (Williston), male terminalia.

102. E. latruncula (Williston), male terminalia.

103. E. costalis (Williston), ovipositor.

104. E. subcuprea (Schaeffer), male terminalia.

105. E. ordwayae, new species, male terminalia.

106. E. latruncula (Williston), ovipositor.

107. E. cressoni (Hine), ovipositor.

108. E. costalis (Williston), male terminaha.

109. E. caliente, new species, male terminalia.

110. E. caliente, new species, ovipositor.
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and tibiae, short black hairs above on middle and hind femora and on outer

tarsal segments. Claws black, base reddish; empodia and pulvilli brown.

Upper half of knob of halteres reddish, lower half and base brown, stem

pale brown. Wings hyaline, veins brown, anterior crossvein at 42/57 length

of discal cell, third vein branched beyond discal crossvein and with very

short stump vein, costa dilated at 2/3 length of wing and subcostal cell

brown opposite the apical 2/3 of the discal cell.

Female. Length 18 mm. About 16 black bristlelike hairs in the mystax;

hairs on frons white; occipital bristles yellowish. Mesonotal hairs white other

than crest; bristles brown (1 postalar black); 4-5 posterior dorsocentral (1

black on each side). Sides and posterior margins of abdominal segments

2-7 grayish poUinose, dorsum subshining black; hairs long white, almost

parted on 1-5, shorter on 6-7 and dorsum with short black hairs; ovipositor

black, 3.4 mm. long, at the middle, 1/4 as broad as long. Anterior crossvein

at 38/56 length of discal cell, costa not dilated or brown on margin.

HoLOTYPE. jMale, Agua Caliente Springs, San Diego County, California,

2 April 1942 (J. Wilcox), CAS.

Allotype. Female, same data, 31 March 1942.

Paratypes. CaUjornia: 22 S S , 13 ? 9, same data, 31 March to 3 April

1942 (Don Meadows, W. Schweikhard, J. Wilcox), JW; 10 cJ 5, 25 2 9 , 4 mi.

S.E. of Dry Lake (Ocotillo Wells), San Diego County, 3, 4 April 1942 (W.

Schweikhard, Joe Jr. and J. Wilcox), JW; 1 c5, 10 mi. E. of Desert Center,

13 April 1941 (J. Wilcox), JW; 19,5 mi. S. of Fish Springs, Imperial

County, 25 March 1930 (P. H. Timberlake), UCR; 1 9, Lone Palm Canyon,

31 March 1960 (P. H. Timberlake), UCR; 2 5 5, 3 9 9 , 22 mi. N. of Manix,

San Bernardino County, 26 April 1953 (P. D. Hurd, R. O. Schuster) Larrea,

CIS; 1 $, Morongo Valley, San Bernardino County, 25 April 1957 (R. R.

Snelling, M. D. Stage), CIS; 2 (^ cJ , 2 9 9 , Palm Desert, 11, 13 April 1950

(P. D. Hurd), CIS, 1 9 , 24 April 1950 (C. D. MacNeill), CIS; 1$, Salton

Sea, Riverside County, 24 March 1949 (R. A. Flock), UCR; 1 $, 4.5 mi.

E. of Thousand Palms, 3 April 1946 (P. H. Timberlake), UCR. Arizona:

69 9, Aztec, 14 April 1964, 16 April 1941, 20 May 1965 (J. Wilcox), JW;
1 $, Baboquivari Mountains, April (D. K. Duncan), JW; 1 9, 10 mi. W. of

Bylas, 29 April 1962 (J. Wilcox), JW; 1 9, 20 mi. S. of Gila Bend, 18 April

1965 (M. A. Cazier), ASU; 8 5 5, 5 9 9, 9.5 and 12 mi. N. of Quartzite, 16

April 1965 (M. A. Cazier), ASU; 2$ $, 2 9 9, 15 mi. S. of Parker, 16 April

1965 (M. A. Cazier), ASU; 2 9 9, 8 mi. S.E. of Parker, 15 April 1965 (M. A.

Cazier), ASU; 15,19, Portal, 6 June 1964 (J. M. Davidson), ASU, 1 9,

1 mi. W., 16 June 1957 (M. Statham), AMNH; 15, 19, Sabino Canyon,

Santa Catalina Mountains, 20 April 1962 (Earl G. Davis, J. Wilcox), JW;
1 9, 26 May 1962 (F. D. Parker, L. A. Stange), UCD; 1 9, Sacaton, 25

March 1956 (A. F. Rowland), JW; 1 5, Sentinel, 25 March 1960 (Gertsch
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and Schrammel), AMNH, 2? 9, 18 April 1962 (J. Wilcox), JW; 28^^,
54 $ 5, 8 mi. N. of Tucson, 18 April to 11 May 1962, 1964 (Earl G. Davis,

J. Wilcox), JW; U, 1$, 4 mi. S. of Tumacacori, 21 April 1962 (J. Wilcox),

JW; 16, 3 9 5, Yarnell, 27 May 1963 (M. W. Stone, J. Wilcox), JW.
Mexico: 1 9 , Las Animas Bay, Gulf of California, 8 May 1921 (E. P. Van
Duzee), CIS; I 6 , 3 mi. N. of San Felipe, Baja California, 25 March 1964,

elevation 10 meters (J. C. Hall), UCR. Nevada: 19, 10 mi. N.W. of Las

Vegas, 3 June 1941 (P. H. Timberlake), UCR.

Efferia costalis (Williston).

Erax costalis Williston, 1885, Trans. Amer. Entomol. Soc, vol. 12, p. 64. No type or

locality, name used in key to males as follows: "Costa distinctly thickened and dilated

beyond the tip of the auxihary vein.—Hind tibiae simple; dorsum of thorax more or

less mane-like.—Hypopygium of moderate size; scutellum with macrochaetae.—Third,

fourth and fifth abdominal segments with long silvery-white pile Costalis."

Erax costalis, Hine, 1919, Ann. Entomol. Soc. Amer., vol. 12, p. 154. Description of male

and female, figure of male genitalia ; records from Montana, Wyoming, and Colorado.

Specimens from the following localities: Wyoming: Jenny Lake, Teton

National Park, 20 to 30 June 1941 (G. E. Bohart); Lyman, 25 June 1935

(R. H. Beamer, Jean Russell); Yellowstone National Park, 5 Julv 1952

(JSF).

Male. Length 14 mm. Face 31/43 width of one eye, vertex 23, antennae

measures 10-6-11-29. Mesonotal crest rather dense hairs curved backward

and as long as antennal segments 1-3. Abdominal segments 2-7 white pollinose,

anterior dorsum and sides of 2 and anterior sides of 3 subshining black, parted

hairs on 2-6. Tibiae and tarsi reddish. Wings hyaline, veins brown, anterior

crossvein at 35/48 length of discal cell, costa dilated brown, no stump vein.

Female. Length 14 mm. Broad sides and narrow posterior margins of

abdominal segments 2-7, gray pollinose, hairs white, a few on 7 black, venter

gray pollinose and white haired; ovipositor black, slender, 3.5 mm. long.

The ovipositor on the only specimen available from Wyoming seemed

distorted. The males of the following specimens fit the key characters but the

females have a long slender ovipositor similar to that found in E. subscuprea.

Arizona: Flagstaff, 18 June 1949 (Guy F. Toland, J. Wilcox); Williams,

14 June 1949 (Guy F. Toland, J. Wilcox); Utah: New Harmony, 1 June 1963

(J. Wilcox).

Efferia cressoni (Hine).

Erax cressoni Hine, 1919, .^nn. Entomol. Soc. Amer., vol. 12. p. 134. Types male and female,

Alamogordo, Xew Mexico, AXSP. Other specimens from El Paso, Texas.

Specimens are known from the following localities: Arizona: 8 mi. N.E.

of Douglas, 23 April 1962 (J. Wilcox) ; 5 mi. S. of San Simon, 28 May 1962
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(J. Wilcox); St. David, 23 April 1962 (J. Wilcox). Colorado: Ft. Collins,

23 June 1935 (R. H. Beamer). New Mexico: Cuervo, 17 May 1965 (J.

Wilcox), Deming, Luna County, 30 May 1952 (M. Cazier, W. Gertsch, R.

Schrammel); Grant County, 14 April 1933, 23, 27 May 1936 (R. T. Kellogg);

Silver City, 5 May, 6 June 1933 (R. T. Kellogg); 3 mi. N. of Three Rivers,

16 May 1965 (ltd J. and J. Wilcox).

Male. Length 13 mm. Face 26/39 width of one eye, vertex 18, antennae

measure 12-5-11-24. Mesonotal crest formed of long sparse black bristles

curved backward and sparse erect hairs subequal in length to antennal

segments 1-2, posterior to suture sparse erect white hairs, 7 dorsocentral

bristles, 2 anterior. Abdominal segments 1-7 densely grayish white pollinose,

2-5 with white parted hairs; venter 1-3 with erect white hairs, 4-7 recumbent

white. Tibiae and tarsi reddish brown, hairs and bristles white, bristles on

tarsi largely black. Wings hyaline, veins brown, anterior crossvein at 40/55

length of discal cell, no stump vein, costa slightly dilated and brown in

subcostal cell.

Female. Length 16 mm. Mystax and mesonotal bristles except crest,

may be all white; 4 strong scutellar bristles all white or part black. Abdomen

grayish pollinose, hairs short white, a few short black on dorsum 6-7; venter

erect white on 1-2, short white 3-7; ovipositor black, 3.0 mm. long, at middle

1/5 as wide as long. Wings with short stump vein, costa not dilated.

Efferia jubata (Williston).

Erax jubatus Williston, 1885, Trans. Amer. Entomol. Soc, vol. 12, p. 66. Types male and

female. New Mexico (G. F. Gaumer), UK.

Erax jubatus, Hine, 1919, Ann. Entomol. Soc. Amer., vol. 12, p. 133. Description and figures

of wing and male genitalia; records from northern Mexico, Arizona, New Mexico, and

Colorado.

Specimens are recorded from the following localities. Arizona: Chiricahua

Mountains, Onion Saddle, 17 September, 22 October 1962 (J. Wilcox), Pinery

Canyon, 17 September, 22 October 1962 (J. Wilcox), Rustlers Park, 17

September 1962 (J. Wilcox) ; Chiricahua National Monument, 22 October

1962 (J. Wilcox); Santa Rita Mountains, 2 November 1935 (Owen Bryant)

Lot 42, 16 November 1924 (A. A. Nichol). Colorado: A.S.U.C. Lodge, 13

September 1932 (M. T. James); Walden, 20 August 1931 (H. T. Peters).

New Mexico: Silver City, 11 November 1932 (R. T. Kellogg). Wyoming:

Grand Teton National Park, 18 August 1931 (L. D. Anderson, J. O. Notting-

ham).

Male. Length 19 mm. Face 39/55 width of one eye, vertex 28, antennae

measure 18-6-14-38. Mesonotal crest formed of dense black hairs as long

as antennal segments 1-2 with slightly longer sparse black bristles. Abdominal

segments 2-5 mostly black with short black hairs, 6-7 white with short white
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hairs, venter similar in color to dorsum with erect white hairs, segments 5-7

bulging. Wings light brown, veins black, anterior crossvein at 47/67 length

of discal cell, costa dilated, subcosta black, minute stump vein.

Female. Length 21 mm. Dorsum of abdominal segments 2-7 with short

black hairs, venter 1-7 with erect white hairs; ovipositor 4.4 mm. long at

middle 1/7 as wide as long.

Efferia latruncula (Williston).

Era.x latruncidus Williston, 1885, Trans. Amer. Entomol. Soc, vol. 12, p. 67. Types male

and female, Arizona, Montana, 12 specimens (Prof. Comstock), UK.

Erax latrtinculus, Hine, 1919, Ann. Entomol. Soc. Amer., vol. 12, p. 132. Description, figure

of male genitalia, records from .\rizona.

Specimens from following localities: Arizona: x^tascosa Mountain, 29

April 1962 (J. Wilcox); Baboquivari Mountains, April (D. K. Duncan);

Chiricahua Mountains, Southwestern Research Station, Cochise County, 21

to 27 April 1962 (Carl W. Kirkwood), Pinery Canyon, 5,000 feet, 15 June 1932

(D. K. Duncan); Flagstaff, 15 June 1948, 18 June 1949 (Guy F. Toland; and

Joe Jr. and J. Wilcox); Hualapai Mountains, 6,000 feet, 23 May 1962 (J. Wil-

cox) : Kits Peak, 26 May 1962 (J. Wilcox) ; Pena Blanca, 29 April 1962 (J. Wil-

cox); 3 mi. W. of Portal, 25 April 1962 (Itol J. and J. Wilcox); Roosevelt, 10

May 1932 (D. K. Duncan); Ruby, 29 April 1962 (Itol J. and J. Wilcox);

Santa Catalina Mountains, April (D. K. Duncan), Molino F. C, 19 April

1962 (Earl G. Davis, J. Wilcox); Santa Rita Mountains, Madera Canyon, 29

April 1962 (Carl W. Kirkwood); Sierritas Mountains, 12 April 1964 (Earl

G. Davis). Xew Mexico: Grant County, 7, 14 April 1933 (R. T. Kellogg);

Silver City, 13 May 1934 (R. T. Kellogg).

Male. Length 17 mm. Face 34/45 width of one eye, vertex 27, antennae

measure 15-6-15-25. Mesonotal crest formed of black hairs subequal in

length to antennal segment 1 with sparse longer black bristles. Dorsum of

abdominal segments 2-5 black with short black hairs, 6-7 white with short

white hairs; venter 1-3 with erect white hairs, short white on 4-7. Wings

hyaline, anterior crossvein at 40/56 length of discal cell, no stump vein, costa

dilated.

Female. Length 20 mm. Abdominal segments 2-7 black with short black

hairs, venter 1-2 or 1-3 with erect white hairs, remainder short white;

ovipositor 3.0 mm. long, at middle 1/5 as wide as long. Wings not dilated,

short stump vein.

Efferia ordwayae Wilcox, new species.

]\Lale. Length 16 mm. Head black, white pollinose, hairs and bristles

white; face 31/40 width of one eye, vertex 24. Antennae black, hairs white,

segments measure 15-6-16-21.
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Mesonotum black; yellowish gray pollinose; narrow central stripe and

intermediate area appearing brown; humeri, lateral margins and suture, gray

pollinose. Hairs white, short and sparse, on the posterior intermediate area

black; central crest formed of sparse black bristles as long as antennal seg-

ments 1-2, becoming mostly white posteriorly. Bristles white, 2 presutural,

2 supraalar, 2 postalar. Pleura and coxae yellowish gray pollinose, hairs

and bristles white. Scutellum yellowish gray pollinose, discal hairs short

white and arranged in sparse clumps on either side, 8 white marginal bristles.

Abdomen black, yellowish gray pollinose, segments 6-7 white. Hairs

sparse white, longer on sides of 1-4. Venter gray pollinose, hairs white, long

on 1-2, short on remainder. Terminalia black, the lower forceps apically

yellowish brown; hairs on surstyli white, short hairs dorsally and about 8 on

ventral margin long black; lower forceps with sparse white hairs, ventral fringe

brown, short and of nearly uniform width.

Femora black, tibiae and tarsi yellowish red, the tarsi becoming darker

apically. Hairs and bristles white, bristles below on tarsi and apically on

fore and middle tibiae black, hairs on outer tarsal segments black. Claws

black, brownish basally; pulvilli and empodia light brown.

Halteres yellowish white, base of stem brown. Wings hyaline, veins brown,

anterior crossvein at 32/51 length of discal cell, third vein with short stump

vein, costa not dilated.

Female. Length 16 mm. Two black hairs at tip on one of the palpi.

Abdomen gray pollinose, hairs short white, longer on sides on 1-2 and a few

black hairs on dorsum of 7; venter gray pollinose, hairs erect white on 1-3,

shorter recumbent on 4-7 white; ovipositor black, 4.6 mm. long, at middle

1/7 as wide as long.

HoLOTYPE. Male, 6 mi. S.E. of Willcox, Cochise County, Arizona, 29

June 1955 (E. Ordway), AMNH.
Allotype. Female, Cienaga Lake, Hidalgo County, New Mexico, 20

June 1964 (J. H. Puckle), ASU, deposited in AMNH.
Paratypes. is, same data as holotype, AMNH; 12, Silver City, New

Mexico, 24 June 1933 (R. T. Kellogg), JW; 1 9, Pecos, Texas, 15 May 1927

(J. O. Martin), CAS.

Named in honor of Ellen Ordway who has collected many Asilidae in

Arizona and New Mexico as well as the holotype of this species.

The specimen from Texas has about 12 slender black bristles in the

mystax.

Efferia prolifica (Osten Sacken).

Emx proUficus Osten Sacken, 1887, Biologia Centrali-Amer. Insecta. Diptera, vol. 1, p. 202.

Types male and female, Northern Sonora, Mexico (Morrison), BMNH.
Erax jubatus Hine, 1919, Ann. Entomol. Soc. Amer., vol. 12, p. 133, in part. He says, "A

study of the variations in the specimens at hand suggest strongly that proUficus Osten
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Sacken, is a synonym of jubatiis." On page 106 he lists E. proUjiciis as a synonym.

Hine may be right, the material available is quite limited but it seems worthwhile to

call attention to this possible species.

Specimens from the following localities. Arizona: Mingus Mountain, 2

September 1959 (J. Wilcox) ; Santa Rita Mountains, Madera Canyon, 2d>

October 1962 (J. Wilcox). Xew Mexico: Silver City, 25 September 1933,

17 October 1935, 5 November 1932 (R. T. Kellogg).

INIale. Length 16 mm. Face 30/45 width of one eye, vertex 24, antennae

measures 13-5-14-31. Mesonotal crest formed of black hairs subequal in

length to antennal segments 1-2 with very few black bristles. Abdominal

segments 2-4 black and mostly black haired, 5-7 white and white haired, long

sparse on the sides. Wings tinged with brown, anterior crossvein at 40/56
length of discal cell, no stump vein, costa dilated and subcosta black.

Female. Length 20 mm. Abdominal segments 2-7 black with black hairs,

venter 1-7 with erect white hairs sometimes black on 7; ovipositor 4.8 mm.
long, at middle 1/8 as wide as long.

Efferia subcuprea (Schaeffer).

Erax subcupreus Schaeffer, 1916, Jour. New York Entomol. Soc, vol. 24, p. 66. Type male,

Prescott, Arizona (George Franck), USXM.
Erax subcupreus Hine, 1919, Ann. Entomol. Soc. Amer., vol. 12. p. 133. Description male

and female, figure of male genitaha, records from Montana, Colorado, Xew Mexico,

Arizona, and Nevada.

Specimens are recorded from the following localities. Arizona: Chiricahua

Mountains, June (D. K. Duncan), 6,200 feet, 20 June 1928 (A. A. Xichol),

National Monument, 8 July 1962 (J. Wilcox), Onion Saddle, 31 May, 9

June 1962 (J. Wilcox), Pinery Canyon, 5,000 feet, 15 June 1932 (D. K. Dun-

can) 6,500 feet, 31 May 1962 (J. Wilcox), Rustlers Park, 8,500 feet, 16 June

1932 (D. K. Duncan) 23 June 1964 (J. H. Puckle, M. Mortenson, M. A. Cazier),

E. Turkey Creek, 6,500 feet, 16 June 1964 (J. H. Puckle, M. Mortenson, M. A.

Cazier) ; 5 mi. N. of Carrizo, Highway U. S. 60, 28 June 1949 (J. Wilcox)

:

Flagstaff, 18 June 1949 (Guy F. Toland, J. Wilcox); Graham Mountain,

Arcadia F.C., 2 June 1962 (J. Wilcox); Huachuca Mountains, Miller Canyon,

26 June 1949 (J. Wilcox); Hualapai Mountains, 6,000 feet, 4 June 1962 (J.

Wilcox); Kits Peak, 16 May 1962 (Earl G. Davis); McMillan, 28 June 1949

(J. Wilcox); Mingus Mountain, 27 May 1963, 17 June 1948, 3 July 1929

(M. W. Stone, J. Wilcox); Prescott, 28, 29 May 1963 (^L W. Stone, J.

Wilcox); Ruby, Sycamore Canyon, 26 May 1962 (J. Wilcox); San Carlos

Lake, August (D. K. Duncan); Santa Catalina Mountains, 18 June 1933

(Owen Bryant) Lot 282; Santa Rita Mountains, 4,000 feet, 22 Jime 1932 (D.

K. Duncan); Sierra Ancha Mountains, Hegler Creek, July 1930 (D. K. Dun-

can); White Mountains, N. Fork White River, Williams Creek, 6,000 feet,
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4 June 1932 (D. K. Duncan), Diamond Creek, June (D. K. Duncan).

Nevada: Antelope Summit, Highway U. S. 50, 10 June 1958 (J. Wilcox).

New Mexico: Hidalgo County, 6 June 1935 (R. T. Kellogg); Luna County,

11 July 1933 (F. H. Parker); Silver City, 1 July 1932 (R. T. Kellogg);

Tajique, 25 June 1931 (J. G. Shaw).

Male. Length 16 mm. Face at antennae 32/43 width of one eye, vertex

25, antennae measure 12-5-13-27. Mesonotal crest formed of erect black

hairs as long as antennal segments 1-2 with some longer black bristles

curved backward. Broad base of abdominal segments 2-3 and 4 narrowly

black, posterior margins 2-3 and 4-6 white pollinose, 2-6 with white parted

hair, 7 black with short black hairs; venter with erect white hairs. Tibiae

and tarsi brown. Wings hyaline, veins black, anterior crossvein at 43/58

length of discal cell, no stump vein, costa dilated subcosta brownish black.

Female. Length 20 mm. Broad sides and narrow posterior margins of

abdominal segments 2-7 grayish pollinose, 2-4 with fine erect white hairs, 5-7

with short black hairs; venter subshining with erect white hairs; ovipositor

5.7 mm. long, at middle about 1/10 as wide as long.

Efferia willistoni (Hine).

Erax willistoni Hine, 1919, Ann. Entomol. Soc. Amer., vol. 12, p. 110, figure of male

genitalia. Types male and female, Williams, Arizona, July 21 (H. Barber), USNM. Re-

ports other specimens from Colorado, Arizona, and Chihuahua, Mexico (Tucker, Barber,

Townsend)

.

Specimens are known from the following localities. Arizona: Cochise,

Coconino, Gila, Graham, Navajo, Pima, Santa Cruz, and Yavapai counties,

June to September but mostly collected in July and August. New Mexico:

Grant and San Miguel counties, July.

Male. Length 19 mm. Mystax long dense black with white hairs inter-

mixed; face 42/52 width of one eye, vertex 30; antennae measure 15-6-16-37.

Mesonotum gray pollinose, central stripe and intermediate spots black; hairs

black erect, anteriorly as long as antennal segment 1, at suture twice this

long and posteriorly longer; some white hairs on humeri and posteriorly;

bristles black. Scutellum gray pollinose, hairs erect white and as long as

antennal segments 1-2, 9 black marginal bristles. Abdominal segment 1 and

narrow sides of 2-4 gray, 5-7 white pollinose, 2-4 black dorsally; hairs white,

longer on sides of 1-3; venter 1-5 gray pollinose, 6-7 white, all with erect

white hairs; 8 black with yellowish hairs. Terminalia black with black hairs;

surstyli long slender, notched at apex; fringe brown, as long as antennal

segment 1. Femora black, tips and the tibiae and tarsi reddish brown. Wings

hyaline, veins brown, anterior crossvein at 48/66 length of discal cell, very

short stump vein, costa dilated, subcostal cell brown.

Female. Length 21 mm. Narrow sides and posterior margins of

abdominal segments 2-7 grayish pollinose, dorsum black with short black
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hairs, sides of 1-3 longer yellowish; venter gray pollinose with erect white

hairs, partly black on 7; ovipositor black, slender, 5.7 mm. long, at middle

1/10 as wide as long.

Hine 1919 listed the types as 22 and 23 mm. long and the male with

abdominal segments S-7 white pollinose as described above. A few male

specimens have only abdominal segments 6-7 white pollinose, while others

have 4-7, 3-7 and 2-7 (2 apically) white pollinose and with white parted

hairs. The smaller specimens, some only 13 mm. long, seem to have more

of the abdominal segments white pollinose, while the larger ones have only

the last 2 or 3 segments white pollinose and on these the white hairs are short.

PoGONiAS Group (Rufibarbis Group, Caudata Group)

Hine (1919) defines this group as follows (his Rufibarbis Group). "The

females of this group differ from all other species b}' having the last segment

of the oviduct divided at the tip. This character is easily seen from dorsal

view. The mesothorax and scutellum is unusually bristly, the third vein

branches beyond the middle of the distance between the base of the second

posterior cell and the small crossvein. The male has abdominal segments

six and seven silvery. The oviduct is rather short and rigid and the hypopygium

is rather small. Mystax without or with very few black bristles."

The cerci (end lamellae) of the ovipositor are heavily chitinized, pointed

apically and split dorsoventrally. The ninth tergite is broader than long and

the dorsal margin is subequal in length or shorter than the cerci. In the

other groups, the cerci are rounded apically and are usually shorter than

tergite 9 and tergite 9 is usually longer than wide (high). Males without long

parted hairs on the abdomen, segments 2-5 brownish or black dorsally and

6-7 white pollinose; exception E. pilosa (Hine) with the abdomen white

pollinose and white parted hairs on segments 2-7. Bristles of the tibiae and

tarsi black; partly white in E. pilosa. Median line of the mesonotum with

a crest of bristly hairs, curved backward anteriorly, straighter and longer

posteriorly; as long and dense as some species of the Carinata Group but

never with the costa dilated. Ejjeria pilosa with short hairs anteriorly on

the mesonotum.

Wings with two submarginal cells, third vein branched before end of

discal cell (base of second posterior cell or discal crossvein). Ejjeria completa

(]\Iacquart) and E. bryanti, new species belong in this group and are included

in the key, they are discussed in the Anomala Group because of the three

submarginal cells. Bromley (1951) noted that in E. completa the presence

of three submarginal cells was the rule, while in E. pogonias {rujibarbis) it

was exceptional. In a series of 110 specimens of E. bicaudata, one had three

submarginal cells in both wings and two had three submarginal cells in one

wing.
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Martin (1962) proposed the name Caudatus for this group but at that

time he considered E. barbatus to be the vahd name of E. pogonias {rujibarbis)

.

Key to the Species of the Pogonias Group—Males

1. Three submarginal cells in the wings 2

Two submarginal cells ____ 3

2. Femora black; terminalia black, in dorsal view wider apically than at base, surstyli

with dense long black hairs on the apical half ventrally; length 16-30 mm.
(Mexico, Texas) _ E. completa (Macquart)

Dorsum of femora usually reddish; terminalia largely reddish, not wider apically in

dorsal view, surstyli with white hairs laterally and not more than 6 longer black

bristles ventrally; length 17-24 mm. (Arizona) E. bryanti, new species

3. Abdominal segments 2-7 gray pollinose and with white parted hair; length 11-16 mm.
(New Mexico, Texas) E. pilosa (Hine)

Abdominal segments 2-5 brown or blackish basally, 6-7 silvery, without white parted

hair on any segments; larger species 4

4. Scutellar bristles black S

Scutellar bristles largely or in part white 7

5. Scutellar hairs largely white; dorsum of abdominal segments 1-4 and venter of 2-3

with black hairs; length 14-25 mm. (Alberta, Cahfornia, Nevada, Oregon, Utah,

Washington) E. frewingi, new species

Scutellar hairs black; dorsum of abdominal segments 1-5 and venter of 2-5, black

haired 6

6. Mystax yellow, usually a few black bristles below laterally; surstyli usually all black

haired, sometimes yellowish haired laterally; length 18-27 mm. (Eastern States,

west to Minnesota, Texas) E. pogonias (Wiedemann)

Mystax white, usually with black bristles above and below laterally; surstyli white

haired laterally; length 19-28 mm. (Arizona, Mexico, New Mexico)

E. kelloggi, new species

7. At least some of the hairs at base of scutellum white 8

Discal hairs of scutellum black, sometimes a few white laterally 9

8. Mystax white; scutellar hairs white and bristles usually all white; abdomen all white

haired; length 18-26 mm. (Utah) E. iitahensis (Bromley)

Mystax usually with a few black hairs or bristles below; scutellar hairs usually in

part black; at least abdominal segments 1-2 with black hairs dorsally; length 14-23

mm. (Alberta, Colorado, Montana, New Mexico, Texas) E. bicaudata (Hine)

9. Mystax white with 4-5 black bristles below laterally; occipital bristles usually black

above; dorsum of abdominal segments 1-4 or 5 black haired and usually venter of

2-3; length 18-31 mm. (Arizona, Colorado, New Mexico, Texas)

E. helenae (Bromley)

Mystax all white, at most 1-2 black bristles below; occipital bristles whitish; venter

of abdomen white haired 10

10. Scutellar hairs subequal in length to antennal segment 1 ; anterior mesonotal crest

subequal in length to antennae 1 ; length 19-26 mm. (Arizona) .. E. cabeza, new species

Scutellar hairs longer than antennal segments 1-2; anterior mesonotal crest as long

as antennae 1-2 ; length 16-29 mm. (Arizona, New Mexico)

- E. mortensoni, new species
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Key to the Species of the Pogonus Group—Females

1. Three submarginal cells in the wings 2

Two submarginal cells _ 3

2. Femora black; ovipositor 4.8 mm. long, without spines at the tip E. completa

Femora usually reddish dorsally; ovipositor 4.0 mm. long, with small spines above

on cerci - E. bryanti

3. Mesonotum anteriorly with hairs shorter than antennal segment 2; abdomen gray

pollinose, ovipositor 2.6-2.8 mm. long E. pilosa

Mesonotum anteriorly with hairs at least as long as antennal segment 1 ; ovipositor

at least 4.0 mm. long 4

4. Scutellar bristles all or largely black ___. 5

Scutellar bristles all white — ^ 7

5. Mystax yellow; dorsum of abdominal segments 1-7 and at least venter of 2-3, black

haired; ovipositor 4.1 mm. long E. pogonias

Mystax white 6

6. Mystax with 8-16 black bristles; venter of abdomen white haired, dorsum sometimes

with black hairs narrowly on center line; ovipositor 4.7 mm. long E. frewingi

Mystax usually with more than 20 black bristles; venter of abdominal segments 2-5

or more with a few coarse black hairs, dorsum of 1-7 or 2-7 black haired; ovipositor

4.2 mm. long E. kelloggi

7. Anterior mesonotal crest subequal in length to antennae 1 ; discal hairs of scutellum

shorter than antennae 1, largely white; ovipositor 4.6 mm. long E. cabeza

Anterior mesonotal crest as long or longer than antennae 1-2; scutellar hairs as long

as antennae 1 -2 8

8. Dorsum of abdomen at least in part black haired 9

Abdomen all white haired .10

9. Usually only abdominal segments 6-7 narrowly black haired dorsally; mystax all

white; ovipositor 4.6 mm. long E. mortensoni

Abdominal segments 1-7 usually broadly black haired; 3-4 black bristles and a few

black hairs below in mystax; ovipositor 4.2 mm. long E. helenae

10. Fore and middle tibiae and tarsi usually all reddish; ovipositor 4.6 mm. long

E. bicaudata

Fore and middle tibiae and tarsi black, basal half of tibiae brownish dorsally ; ovi-

positor 4.0 mm. long E. utahensis

Efferia bicaudata (Hine).

Erax bicaudatus Hixe, 1919, Ann. Entomol. Soc. .\mer., vol. 12, p. 138. Type male, Mont-

clair, Colorado, July 30, 1898, female, Morrison, Colorado, May 20, 1898, OSU.

Bromley (1934) reports this species from Texas but the few specimens

available from Texas that he determined as belonging to this species have

been placed in E. helenae.

James (1941) says, "our most common fall Erax" and records it from

many localities, late July to October. He questions the May collecting date

for the type female.

Specimens are known from the following localities. Alberta: Medicine

Hat, 18 July to 10 September 1932 (F. S. Carr) ; Colorado: Montclair, 30
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124. BICAUDATA. 1Z7. PILOSA leg, PILOSA
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July 1898; Montana: Jefferson County, 29 August 1929, E-29, 705; White-

hall, 13 August 1931 (R. H. Beamer); New Mexico: Montaya, Quay County,

7 September 1951 (A. T. McClay); Torrance County, September 1925 (C. H.

Martin); Texas: 45.5 mi. E. of El Paso, Hudspeth County, October 1962

(P. H. Timberlake).

Male. Mystax white, 19 black bristles and a few black hairs below;

face at antennae 43/49 width of one eye, vertex 39; frons with white and

black hairs; 7 black bristles on ocellar tubercle; 9 black occipital bristles

on each side above, others yellowish. Antennae black, gray pollinose, hairs

white, segments measure 17-8-20-29.

Mesonotal crest subequal in length to antennae 1-2; short hairs black,

white on humeri and margins. Bristles brownish to black, no anterior dorso-

central. Scutellar bristles black (4 brownish); hairs black, white anteriorly.

Abdominal segments 1-5 brownish, 6-7 white pollinose; hairs white,

longer on 1-3, dorsum 1-3 with short black hairs. Venter erect white haired,

in part black on 2-3. Eight grayish pollinose, hairs white, longer on posterior

margin of sternite. Terminalia reddish brown, sides of surstyli brown, base

of lower forceps black; hairs white, black on dorsum of surstyli; fringe brown,

margined with dense white hairs, basally as long as antennae 1-2 and gradually

narrowing to apex where it is subequal in length to antennae 1.

Male specimen labeled, Montclair, Colorado, 7-30-98, apparently from

the type series, determined by Hine (1929).

<-

Figure 111-128. Pogonias Group, lateral view of the male terminalia and ovipositor

of the Ejferia species.

111. E. helenae (Bromley), male terminalia.

112. E. utahensis (Bromley), ovipositor.

113. E. frewingi, new species, ovipositor.

114. E. cabeza, new species, male terminalia.

115. E. mortensoni, new species, ovipositor.

116. E. utahensis (Bromley), male terminalia.

117. E. cabeza, new species, ovipositor.

118. E. pogonias (Wiedemann), male terminalia.

119. E. bicaudata (Hine), ovipositor.

120. E. mortensoni, new species, male terminaha.

121. E. kelloggi, new species, ovipositor.

122. E. kelloggi, new species, male terminaha.

123. E. helenae (Bromley), ovipositor.

124. E. frewingi, new species, male terminaha.

125. E. pogonias (Wiedemann), ovipositor.

126. E. bicaudata (Hine), male terminaha.

127. E. pilosa (Hine), male terminalia.

128. E. pilosa (Hine), ovipositor.
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Male specimens from Alberta and Montana have the mystax, lateral

mesonotal bristles and scutellar bristles, all or largely white; and the

abdominal hairs all white. Males from New Mexico, have many bristles in

the mystax and most of the lateral mesonotal and scutellar bristles, black;

and the dorsum of abdominal segments 1-5, and venter of 2-3, black haired.

Female specimens vary about the same, in addition the posterior dorso-

centrals are largely white in the northern specimens and the abdomen is

white haired with a few specimens with black hairs narrowly on the dorsum

of segments 5-7. There are more whitish or brownish bristles on the mesonotum

and scutellum of the southern females but the dorsum of abdominal segments

2-7 are narrowly black haired.

Efferia cabeza Wilcox, new species.

Male. Length 22 mm. Head black, gray pollinose, thinly so on frons.

Mystax white, bristles on oral margin yellowish plus 1 black bristle and 2

black hairs; face at antennae 42/51 width of one eye, vertex 36. Frons

white haired; ocellar tubercle with 4 black bristles and several black hairs;

occipital bristles yellow; beard, hairs on proboscis and below on palpi white,

apically on palpi black. Antennae black, gray pollinose; hairs white; seg-

ments measure 16-9-16-31.

Mesonotum black, yellowish gray pollinose, central stripe and inter-

mediate area brown at certain angles. Hairs black, anteriorly on central

stripe not longer than antennae 1 ; a few on humeri, and anterior and lateral

margins white. Bristles white, 3 presutural, 2 supraalar (1 black), 3 postalar.

Pleura yellowish gray pollinose, hairs white, bristles yellowish white. Scutellum

yellowish gray pollinose; hairs black with a few white intermixed, in length

subequal to antennae 1; 9 white and 7 black marginal bristles.

Abdomen black, yellowish brown pollinose, dorsum of 2-5 appearing black,

6-7 white pollinose. Hairs short white, longer laterally on 1-5, dorsum 1-5

with short black hairs. Venter grayish brown pollinose, 6-7 white; hairs long

erect white on 1-3, shorter on 4-5, very short on 6-7. Eight grayish white

pollinose, hairs white, long on posterior margin of sternite. Surstyli brownish

black, hairs white, black at middle dorsally; lower forceps brownish black,

hairs white, fringe black but almost concealed by dense margin of white

hairs, as long as antennae 1-2 except at apex.

Legs black, fore and middle tibiae brownish basally. Hairs white, short

black hairs anteriorly on fore femora and a few on middle femora. Bristles

black, several on femora, anterior tibiae and tarsi, white. Claws black, base

reddish; empodia and pulvilli light brown.

Halteres yellowish brown, knob darker. Wings hyaline, veins black,

anterior crossvein at 36/68 length of discal cell, third vein branched at

25/32 distance from anterior to discal crossvein.
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Female. Length 25 mm. Hairs on head white except on palpi, bristles

yellowish. Short hairs on humeri white, bristles yellowish including posterior

dorsocentral. Scutellar hairs half white and black, bristles yellowish. Abdomen

grayish yellow poUinose, hairs white, 3-4 black at middle of segment 1. Venter

grayish pollinose, hairs erect white on 1-5, shorter on 6-7. Ovipositor black,

4.7 mm. long. All tibiae yellowish red basally; bristles on fore femora and

mostly on middle femora, yellowish. Anterior crossvein at 38/70 length of

discal cell, third vein branched at 26/32 distance from anterior to discal

crossvein.

HoLOTYPE. Male, 4 mi. SE. of Willcox, Arizona, 15 September 1962 (J.

Wilcox), CAS.

Allotype. Female, same data (Itol J. Wilcox).

Paratypes. 25 6S, 16 9 9, same data and 21 September 1962;

19, Dry Lake, Willcox, Cochise County, Arizona, 6 September 1960 (P.

M. Marsh), UCD.

Efferia frewingi Wilcox, new species.

Male. Length 20 mm. Head black; gray pollinose, thin on gibbosity

and frons with yellowish tinge. Mystax white, about 30 slender black bristles

on sides and mixed in above; face at antennae 38/43 width of one eye, vertex

30; hairs on frons white with about 6 black; 6 black bristles on ocellar

tubercle; occipital bristles largely black; beard, hairs on proboscis and below

on palpi white, above on palpi black. Antennae black, thinly brownish

pollinose; hairs on segment 1 black and white, on 2 white; segments measure

11-11-17-30.

Mesonotum black, light yellowish brown pollinose, the divided central

stripe and intermediate spots appearing black. Hairs black, anteriorly in

central stripe 1 1/2 times antennae 1-2; partly white on humeri and lateral

margins. Bristles black, 3 presutural, 2-3 supraalar, 2-3 postalar, 6-7 slender

posterior and 4-5 anterior dorsocentral. Pleura and coxae thinly yellowish

brown pollinose, hairs and bristles white, a few black hairs on mesopleura

and 8-9 black hypopleural bristles. Scutellum thinly yellowish brown

pollinose, discal hairs white with a few longer black posteriorly, 20 black

marginal bristles.

Abdomen black, segments 1-5 yellowish brown pollinose the dorsum

appearing black, 6-7 white pollinose. Hairs white, longer on sides of 1-3,

dorsum 1-5 black. Venter brownish pollinose, 6-7 white; hairs white, erect

on 1-4 with some black on 2-4. Tergite 8 brownish pollinose, hairs short

white; sternite black with margin of long white hairs. Surstyli largely

reddish brown, hairs white, dorsally short black; lower forceps black, white

haired, fringe brownish black, basally as long as antennae 1-2 and narrowing

apically, bordered with sparse white hairs.
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Legs black, tibiae largely reddish. Bristles black; hairs on femora largely

white with short black above and longer below; tibiae white haired with some

black below; fore and middle tarsi mostly white haired, hind ones mostly

black. Claws black, base reddish; empodia and pulvilli light brownish.

Halteres brown, stem and base lighter. Wings hyaline, veins brown,

anterior crossvein at 31/59 length of discal cell, third vein branched at

22/28 distance from anterior to discal crossvein.

Female. Length 22 mm. Mystax white with about 4 black bristles

and a few black hairs below; hairs on frons and antennae white; occipital

bristles white (3 black). Hairs on humeri, anteriorly and a few posteriorly

on mesonotum, white. Pleural hairs and bristles white. Scutellar hairs and

bristles white (3 black). Abdomen all white haired, erect on venter 1-7.

Ovipositor black, 4.0 mm. long. Hairs on legs and several bristles basally on

femora white. Third vein branched just before end of discal cell.

HoLOTYPE. Male, Antelope Mountain, Harney County, Oregon, 6,500 feet,

9 August 1931 (D. K. Frewing), CAS.

Allotype. Female, same data, 13 August 1931.

Paratypes. 2&SS, 405 9, same data, 6 to 28 August 1931; 160SS,

1065 9, same locality but Grant County, Oregon, 10 to 14 August 1932;

16, 39 9, Prairie Hill, Grant County, Oregon, 6,000 feet, 20 August 1932. All

collected by and named for Darrell K. Frewing who collected several thousand

robber flies for me in 1931 and 1932.

Specimens collected from the following localities but not designated as

paratypes. Alberta: Medicine Hat, 25 July to 10 September 1932 (F. S.

Carr). California: Lava Beds, National Monument, 24 August 1940 (T. Aitken).

Nevada: Connor Pass, 11 September 1963 (J. Wilcox); 16 mi. E. of Ely, 11

September 1963 (J. Wilcox); 28 mi. SW. of Hawthorne, Pole Line Summit,

13 September 1963 (J. Wilcox) ; Montgomery Pass, 14 September 1963

(Itol J. and J. Wilcox). Utah: 3 mi. W. of Long Valley Junction, 6, 8

September 1963 (Itol J. and J. Wilcox). Washington: Washington Ty.

Some of the females have a few black bristles above in the mystax;

scutellar bristles black, discal hairs white; and narrow dorsum of abdominal

segments 2-7 with short black hairs.

The specimens vary from 14 to 27 mm. in length including the ovipositor.

Efferia helenae (Bromley).

Erax helenae Bromley, 1951, Amer. Mus. Novitates, no. 1532, p. 30. Type male, Masters,

Colorado, 4,500 feet, September 18, 1938 (E. B. Andrews), female, Masters, Colorado,

4,300 feet, September 3, 1938 (E. B. Andrews), USNM. Paratypes from Colorado:

Calhan, August 19, 1936 (J. D. Beamer) ; Loveland, dry creek, 5,200 feet, September 12

to 22, 1937 (E. B. Andrews); Masters, 4,300 feet, September 3 to 17, 1939 (E. B.

Andrews); Orchard, 4,500 feet, September 28, 1938 (E. B. Andrews); Parshal, August

19, 1936 (W. D. Field).
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Bromley (1951) says, "Total length, 22-31 mm. A pale yellowish, tan-

colored pollinose and pruinose species of the Rufibarbis Group, . . . Differs

from Erax bicaudatus Hine in the much paler pollen and by having a larger

proportion of the bristles of the posterior part of the mesonotum and scutellum

whitish or pale yellowish."

Specimens are known from the following localities. Arizona: Pinery

Canyon, Chiricahua Mountains, 27 September 1960 (M. A. Cazier); 2 mi.

NE. of Portal, 2i October 1962 (Itol J. Wilcox), 26 October 1961 (M. A.

Cazier); Willcox, 23 September 1955 (P. H. Timberlake), 4 mi. SE., 15

September, 21 October 1962 (Itol J. and J. Wilcox). Colorado: Atwood, 19

September 1931; Colorado Springs, 27, 30 August 1960 (S. Camras) ; Fort

Collins, 16 September 1916; Fort Valley School, 6,000 feet, August 1932 (C.

Lynn Hayward) 257; Masters (paratype and topotypes); Orchard (para-

type). Kansas: Scott City, 1 October 1935. Manitoba: Aweme, 5 August

1920 (P. N. Vroom). New Mexico: Albuquerque, 3 October 1909; 16.5 mi.

W. of Caprock, 3 October 1962 (C. S. Papp, P. H. Timberlake); :\Iontaya,

Quay County, 7 September 1951 (M. F. and A. T. McClay) ; Moriarity,

Torrance County, 7 September 1951 (A. T. McClay); Rio Puerco, Bernillo

County, 8 September 1951 (A. T. McClay); Silver City, 16 September 1932

(R. T. Kellogg); Tatum, 25 August 1938 (R. P. Allen); Torrance County,

September 1925 (C. H. Martin). Texas: Marfa, 7 October 1935; Miami,

Roberts County, 6 September 1951 (A. T. McClay); Van Horn, 1 October

1935; Ware, Dallas County, 27 August 1921 (C. D. Duncan).

This species is closely related to E. pogonias and may be only a western

form; the male terminalia are similar. Differs from E. pogonias by having

the mystax white with 4-5 black bristles and a few black hairs below; scutellar

bristles largely white, discal hairs black; abdominal tergite 1-5 largely white

haired with a few short black hairs on the dorsum, venter of 1-5 with erect

white hairs. Terminalia yellowish red, surstyli white haired except dorsum

narrowly black haired; lower forceps white haired, fringe brown with margin

of dense white hairs and subequal in length to antennae 1-2. Face at

antennae 50/53 width of one eye, vertex 38; antennal segments measure

21-10-23-31. Anterior crossvein at 35/71 length of discal cell, third vein

branched at 25/35 distance from anterior to discal crossvein.

The Colorado specimens have most of the mesonotal hairs, other than

the crest, white; the southern specimens have most of these hairs black.

Southern specimens in a few cases have the scutellar bristles black; frequently

sternites 2-3 have black hairs; and the terminalia is black instead of reddish.

As this species is collected in the same localities as E. bicaudata and other

species which also vary, it is usually necessary to examine the lower forceps

of the male to be certain. Females in these situations are very difficult to

separate.
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As mentioned under E. bicaiidata several specimens determined as E.

bicaudata from Texas by Bromley are here included in E. helenae.

Efferia kelloggi Wilcox, new species.

Male. Length 27 mm. Head black, gray pollinose, gibbosity and frons

yellowish. Mystax white, bordered with black hairs, the white hairs yellowish

basally; face at antennae 46/50 width of one eye, vertex 38. Hairs on

frons black and white; 7 black bristles on ocellar tubercle; occipital bristles

black, hairs white, a few white bristles below; beard, hairs on proboscis and

below on palpi, white; palpi largely black haired. Antennae black, segment

1 black and white haired, 2 black haired; segments measure 22-10-22-31.

Mesonotum black, golden brown pollinose with indications of gray in

central and dorsocentral stripes and tranverse suture. Hairs black, central

anterior crest formed mostly of bristles as long as antennae 1-2, at suture

as long as antennae 1-3; a few white hairs on anterior and lateral margins

and anteriorly on humeri. Bristles black, 3 presutural, 2 supraalar, 4

postalar, 8-9 posterior and 5-6 anterior slender dorsocentral. Pleura and coxae

brownish pollinose; hairs white, a few black on sterno- and mesopleura;

bristles white, yellowish basally; hypopleura with about 12 slender black

bristles. Scutellum brownish pollinose, hairs black and 2/?> length of bristles,

about 24 black marginal bristles.

Abdomen golden brown pollinose, segments 1-5 dorsally black, 6-7 white.

Hairs mostly black on 1-5, a few white laterally, 6-7 short white. Venter 1-5

erect black haired, a few short white on 4-5; 6-7 short white with a few

black on 6. Terminalia black, hairs white; dorsum of surstyli black haired

and ventral margin with sparse long black hairs; fringe black, margined

with sparse white hairs, subequal in length to antennae 1. Eight gray

pollinose, tergite with short black and sternite with long white hairs posteriorly.

Legs black, fore and middle tibiae brownish basally. Bristles black.

Hairs white; hind femora largely and fore and middle ones dorsally and

ventrally black haired; fore tibiae with short black and white hairs dorsally

and anteriorly, posteriorly with long white and ventrally with long black;

middle tibiae with a few black ventrally at base; hind tibiae with black hairs

mixed with white ventrally; fore tarsi mostly white haired, middle and hind

tarsi mostly black haired. Claws black; empodia and pulvilli brownish.

Halteres brown. Wings hyaline, veins black, anterior crossvein at 35/72

length of discal cell, third vein branched opposite end of discal cell.

Female. Length 24 mm. Fewer black bristles in mystax; occipital

bristles yellowish (1 black). Mesonotal crest sparse and formed mainly of

bristles; more white hairs anteriorly on humeri; about half of lateral bristles

yellowish. Pleural hairs white, bristles yellowish. Scutellar hairs white,

bristles yellowish (1 black bristle, 3 black hairs). Abdomen with short black
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hairs dorsally on 1-7; venter with a few black hairs on 4-7. Ovipositor black,

4.3 mm. long. Tarsi and hind tibiae mostly black haired. Anterior cross-

vein at 35/68 length of discal cell, third vein branched at 28/33 distance

from anterior to discal crossvein.

HoLOTYPE. Male, Chiricahua National Monument, Arizona, 21 October

1962 (J. Wilcox), CAS.

Allotype. Female, same data (Itol J. Wilcox).

Paratypes. Arizona: 23 S S , 17 9?, same data and 22 October 1962,

JW; 19, Chiricahua Mountains, 7 October 1932 (E. D. Ball), JW; IS,

3 9 9, Chino Valley, Yavapai County, 30 September 1961 (C. Crosswhite,

Jack Strong), ASU; 4 SS, 7 9 9, Flagstaff, 9 September 1951 (A. T. and

M. F. McClay), UCD; 19, 14 September 1933 (R. T. Kellogg), JW; 2$S,
Pine Forest, 4 mi. SW. of Forestdale, Navajo County, 23, 24 August 1952

(H. B. Leech, J. W. Green), CAS; 12 <5 5, 3 9 9, Pinery Canyon, Chiricahua

Mountains, 27 September 1960 (M. A. Cazier), ASU; 1 S, Showlow, Navajo

County, 5 September 1957 (T. R. Haig), UCD; 1 S, Two Gun, Coconino

County, 19 September 1951 (A. T. McClay), UCD. 1 c^ , 19, Mexico: Near

Chihuahua, 30 November 1951 (I. J. Condit) on Baileya, UCR. New Mexico:

19, Grant County, 24 September 1933 (R. T. Kellogg), JW; \0 $ $

,

5 9 9, Silver City, 11 to 16 September 1932 (R. T. Kellogg), JW.
Named for R. T. Kellogg of Silver City, New Mexico, who collected a

large number of robber flies for me in the 1930's.

Efferia mortensoni Wilcox, new species.

Male. Length 24 mm. Head black; face white, frons and occiput gray

pollinose. Mystax white, bristles yellowish and 2 black hairs below on one

side; face at antennae 47/49 width of one eye, vertex 40. Frons white

haired; 2 white and 2 black bristles on ocellar tubercle and several black

hairs; occipital bristles yellowish (1 black) on one side; beard and hairs on

proboscis white; hairs on palpi largely black. Antennae black, grayish

pollinose; hairs white; segments measure 16-8-20-32.

Mesonotum black, brownish gray pollinose, central stripe and inter-

mediate area brown at some angles. Hairs black, central crest anteriorly

as long as antennae 1-2; hairs in part on humeri, and on anterior and lateral

margins, white. Bristles white, 3 presutural, 2 supraalar (1 black), 3 postalar,

dorsocentrals black and hard to separate from the long hairs posteriorly.

Pleura and coxae brownish pollinose, hairs white, bristles yellowish white.

Scutellum yellowish brown pollinose, hairs black and nearly as long as

bristles, 18 white marginal bristles.

Abdomen black, brownish pollinose, dorsally appearing black, 6-7 white

pollinose. Hairs white, long on sides of 1-4 and posterior margins of 2-3,

dorsum 1-5 short black haired. Venter brown pollinose, hairs white, long
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erect on 1-5. Eight gray pollinose, hairs white, ventral row long. Terminalia

black; hairs white, black dorsally on surstyli; fringe black, partly obscured

by white hairs, at base 2 times length of antennae 1 and gradually shortening

apically.

Legs black; bristles black, a few on femora, fore tibiae and middle tarsi

and fore tarsi largely, white. Hairs white, dorsally on femora, anteriorly on

fore femora, below on hind femora, fore tarsi partly and middle and hind

tarsi largely, black. Claws black; empodia and pulvilli light brownish.

Halteres light brown, knob darker. Wings hyaline, a slight yellowish along

veins, veins brown, anterior crossvein at 42/74 length of discal cell, third

vein branched at 28/32 distance from anterior to discal crossvein.

Female. Length 23 mm. Hairs white, on palpi and a few on ocellar

tubercle and upper occiput black; bristles yellowish. Humeri wholly short

white haired and white hairs more numerous on anterior and lateral margins.

Bristles white, about 10 posterior dorsocentral. A few white hairs among

the black on scutellum, about 16 white marginal bristles. Abdomen brown

pollinose; hairs white, a narrow row of short black dorsally on 1-7. Venter

brownish pollinose; hairs white, fine erect on 1, coarse erect on 2-7. Ovipositor

black, 4.1 mm. long. Middle and hind femora almost all white haired, fore

tarsi black haired. Anterior crossvein at 34/65 length of discal cell.

HoLOTYPE. Male, 2 mi. NE. of Portal, Arizona, 2i October 1962 (J.

Wilcox).

Allotype. Female, same data (Itol J. Wilcox).

Paratypes. 15 c5 5, 23 9 2, same data and 24 October 1962, JW; 2 pair,

10) $ $ , 11 9 $, same locality, 3 September to 5 October 1960, 21 September

and 6 October 1963 (M. A. Cazier), ASU; 2 2 2,4 mi. W. of Portal, Arizona,

22 October 1962 (J. Wilcox), JW; 1 <5 , 4 mi. E. of Portal, Arizona, 19

September 1962 (J. Wilcox), JW; 10 c? 5 , 17 2 2 , 7 mi. E. of Portal, Arizona,

18, 19 September, 2i October 1962 (Itol J. and J. Wilcox), JW; I i, 12,
7 mi. S. of San Simon, Arizona, 1 <5 , 5 mi. S., 25 October 1962 (J. Wilcox),

JW; 1 2, 2 mi. N. of Rodeo, New Mexico, 28 September 1960 (M. A. Cazier),

ASU; 2 S$, 5 2 2, Silver City, New Mexico, 9 September 1933 (R. T.

Kellogg), JW.
Named for Martin A. Mortenson who has photographed this fly with and

without prey and who has collected many robber flies in the vicinity of

Portal, Arizona.

Efferia pilosa (Hine).

Erax pilosus Hine, 1919, Ann. Entomol. Soc. Amer., vol. 12, p. 150, figure of male genitalia.

Type male. El Paso, Texas, April 5, 1902, ANSP.

Specimens are known from the following localities in New Mexico: 11

mi. S. of Animas, 27 July 1963 (M. A. Mortenson); 1 mi. N. of Rodeo, 26
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July 1963 (M. A. Mortenson): Silver City, 14 to 28 July 1933, 5 to 25 August

1935 (R. T. Kellogg); 3 mi. N. of Three Rivers, 16 May 1965 (J. Wilcox);

White Sands, 7 June 1933, 23 July 1933 (R. H. Beamer, W. Benedict).

Male abdomen white pollinose with white parted hairs on segments 2-7

and placed in the Staminea Group by Hine where it belongs if only male

characters are considered.

Female. Length 16 mm. Head black, gray pollinose. Hairs and bristles

white except 4-5 upper occipitals black. Face at antennae 28/35 width of

one eye, vertex 21. Antennae black, hairs white, segments measure 11-5-15-20.

Mesonotum black, yellowish gray pollinose. Hairs black, anteriorly shorter

than antennae 2; hairs on humeri, anterior and lateral margins white. Bristles

white, 2 presutural (1 black), 3 supraalar (1 black), 2 postalar, 5 posterior

dorsocentral. Pleura black, coxae reddish, yellowish gray pollinose, hairs

and bristles white. Scutellum yellowish gray pollinose, short discal hairs and

9 marginal bristles white.

Abdomen black, gray pollinose, hairs short white; lateral bristles on 1

and a posterior row on 2-4 white; 7 bare dorsally with short black hairs;

ovipositor black, 2.8 mm. long.

Base and apex of femora, tibiae and tarsi yellowish red, femora otherwise

brownish black; hairs largely white; bristles on femora largely and posteriorly

on fore tibiae white, otherwise largely black.

Wings hyaline, veins brown, anterior crossvein at 23/48 length of discal

cell, third vein branched at 13/25 distance from anterior to discal crossvein,

the anterior branch of the third vein ends in the second vein.

Some specimens have the mesonotal bristles all white and also the

occipitals.

Efferia pogonias (Wiedemann).

Asilus pogonias Wiedemann, 1821, Diptera Exotica. Kiliae., vol. 1, p. 198. Types X.A.

Erax riifibarbis Hine, 1919, Ann. Entomol. Soc. Amer., vol. 12, p. 137. Description and says,

"The species has a wide range in Eastern North America, including the West Indies.

Normally colored specimens are at hand from as far west as the Dakotas and central

Texas. Farther west specimens are lighter in color and indications are that rufibarbis

more or less gradually approaches bicaudattis in that region."

Efferia barbata M.^rtin, 1962, Jour. Kansas Entomol. Soc, vol. 35, p. 248. Describes the

syntypes of E. barbata {Fabricius) and E. pogonias Wiedemann which are in poor

condition (Denmark), and the type female of E. rufibarbis (Macquart) which is in

good condition (Paris). Gives synonymy and references.

Specimens are known from the following: Connecticut, Kansas, Minnesota,

New Jersey, New York, Ohio, Texas, and Virginia. August to October.

The yellowish mystax, black hairs on the basal 5 abdominal segments

both dorsally and ventrally, black or yellowish hairs on the surstyli, black
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hairs on the femora and tibiae, and the yellow in the wings along the veins

serve to separate this from the other species.

In the west, Texas to Arizona and north to Alberta and Manitoba, the

related species is E. helenae (Bromley).

Efferia utahensis (Bromley).

Erax utahensis Bromley, 1937, Utah Acad. Sci., Arts and Letters, vol. 14, p. 103. Type

male, Price, Utah, August 26, 1935 (C. J. Sorenson) USU or USNM.

Specimens are known from the following locality, Utah: 1 and 2 mi. S. of

Price, State Highway 10, 9 September 1963 (Itol J. and J. Wilcox).

Female. Length 25 mm. Head black, yellowish gray pollinose. Hairs

white, palpi largely and a few short hairs on ocellar tubercle black; bristles

yellowish white, 4-5 laterally on each side of mystax and 5 on ocellar tubercle

black; face at antennae 45/51 width of one eye, vertex 35. Antennae black,

hairs white, segments measure 19-9-21-32.

Mesonotum black, brown pollinose, divided central stripe and intermediate

spots appearing black, humeri and lateral margins behind suture grayish.

Hairs on humeri, anterior and lateral margins, short white; remainder short

black, central crest black about as long as antennae 1-2, white posteriorly.

Bristles yellowish white, 3-4 presutural, 2 supraalar, 3 postalar (half black).

Pleura and coxae grayish brown pollinose, hairs white, bristles yellowish

white. Scutellum grayish brown pollinose, about 18 bristles and shorter

hairs, yellowish white.

Abdomen black, yellowish gray pollinose; hairs white, longer on sides of

1-3 and venter; ovipositor black, 4.0 mm. long.

Legs black, a touch of brown basally on fore and middle tibiae. Hairs

white, dorsally on fore femora and all tarsi black. Bristles black, below

on fore femora and partly on middle femora yellowish. Claws black, base

reddish; empodia and pulvilli brown.

Halteres brown, stem lighter. Wings hyaline, veins brown, anterior

crossvein at 38/72 length of discal cell, third vein branched at 29/34

distance from anterior to discal crossvein.

Male. Length 23 mm. Six black bristles on ocellar tubercle. Abdominal

segments 1-5 grayish brown pollinose but appearing black at most angles;

6-7 densely white; hairs white, long on 1-3, short on 4-5, very short on 6-7.

Venter pollinose like dorsum, hairs erect white on 1-5, short on 6-7. Eight

whitish pollinose, dense dorsally, hairs white. Surstyli black, ventral margin

and apex brown, hairs white with a few black on dorsum; lower forceps black,

brownish apically, hairs white, fringe black with a dense margin of white

hairs, subequal in length to antennae 1-2 becoming shorter apically.
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Staminea Group (Stramineus Group)

Hine (1919) says, "One of the largest groups of the genus Erax is

characterized by having the furcation of the third vein distinctly anterior to

the base of the second posterior cell. In most all the species the mesothorax

has many bristles posteriorly and the scutellum has many bristles on its

margin and often numerous long hairs on its disc. Practically all the species

are western or southern in distribution."

The Staminea Group is the largest group insofar as the Nearctic species

are concerned and probably needs dividing. Martin (1965) has suggested

an Inflata Group and a Wilcoxi Group which are not used here as only three

species are involved in this region. The species related to E. argentijrons

(Hine) with male sternite 8 produced or the species related to E. coquilletti

(Hine) with long white hair on abdominal segments 2-7, would make larger

groups but are not used as they are based on one sex only.

Most difficulty in determining species in this group will be with female

specimens. Measurements of the width of the face, eyes, vertex, antennae,

position of the anterior crossvein in relation to the length of the discal cell

from base to apex, furcation of the third vein, length of ovipositor and its

width at the middle in relation to its length, are given in the descriptions.

Actual measurements should be made as some of these are deceptive, for

example, the middle of the ovipositor is much farther back than it appears

to be from general observation.

Hine (1919) divided the group into two subgroups based on the furcation

of the third vein, i.e., furcation of the third vein at or before the middle of

the distance between the base of the second posterior cell (discal crossvein

or apex of discal cell) and the small crossvein (anterior crossvein), and

furcation distinctly beyond the middle. This is a useful character but is

subject to considerable variation and should be used with caution. JNIeasure-

ments were made of five female specimens of each species for this character

and also for the length of the ovipositor. These measurements are given

below, when less than five specimens were available the number is given in

parentheses following the names of the species.

Females of the Staminea Group

Third vein branched before the Length of ovipositor

Species middle of the distance between in mm.
the anterior and discal crossveins Range Average

E. argentijrons 11/36 3.9-4.7 4.3

E. argyrosoma 11/33 4.6-5.6 5.1

E. bexarensis (4) 14/31 3.3-3.8 3.6

E. canella 11/26 4.7-5.6 3.2

E. pallidula 14/34 4.1-4.6 4.4
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Key to the Species or the Staminea Group—Males

1. Posterior side of the femora red 2

Femora black, sometimes reddish at base and apex 4

2. Upper forceps (surstyli) deeply notched at apex; abdomen brownish black, posterior

corners of 2-4, posterior margin of 5, and 6-7 largely, yellowish gray pollinose;

length 22-27 mm. (coast to coast in southern half of the United States, south to

Guatemala) - E. interriipta (Macquart)

Upper forceps not notched apically ; abdomen grayish pollinose - 3

3. Sternite 8 produced and nearly twice as long as sternite 7; surstyli truncate apically

with 2 lobes on upper part; abdominal segments 2-4 blackish basally; length 20-24

mm. (Arizona) E. canella (Bromley)

Sternite 8 not produced and about 1/2 length of sternite 7; surstyli broadly rounded

apically and with 2 small lobes at middle; abdomen yellowish gray pollinose; length

22-28 mm. (Arizona, Kansas, Colorado, New Mexico) E. varipes (Williston)

4. Mystax with black and white hairs and bristles S

Mystax all white or yellowish, at most 1-2 black bristles — - 7

5. Scutellum with dense clumps of white parted hairs on disc; abdominal segments 1-2

and 8 yellowish gray pollinose, 3-7 silvery pollinose, 2-7 with white parted hair;

length 18-19 mm. (CaKfornia) E. dementi (Wilcox and Martin)

Scutellum with sparse erect hairs; abdomen silvery pollinose, segment 1 and base of 2

brown, segments 2-5 with white parted hairs 6

6. SurstyH from dorsal view 2.5-3.0 mm. wide near apex; venter of abdomen largely

black haired; length 20-25 mm. (California) E. inflata (Hine)

Surstyli from dorsal view 2.0 mm. wide near apex; venter of abdomen white haired,

sometimes black on 3-4; length 20-22 mm. (California) E. neoinflata, new species

7. Mystax yellow or yellowish — 8

Mystax white - - - 14

8. Scutellar bristles black 9

Scutellar bristles yellowish 10

9. Abdominal segments 1-3 brown pollinose, 4-7 silvery pollinose, 4 with white parted

hair; anterior mesonotal hairs subequal in length to antennae 2; length 23-30 mm.

(Kansas, Texas, Oklahoma) E. plena (Hine)

Abdominal segments 1-3 and 7 brown pollinose, 3-6 silvery pollinose, apex of 3 and

4 with white parted hair; anterior mesonotal hairs subequal in length to antennae

1; length 24-27 mm. (Kansas, Louisiana, Ohio, Oklahoma, Texas, Virginia)

E. nemoralis (Hine)

10. Abdomen with white parted hair on 3 or more segments —

-

11

No white parted hairs on abdomen 12

11. Abdominal segment 2 apically and 3-7 silvery pollinose with white parted hair be-

coming very short on 6-7; lower forceps with long tail, fringe brown and long

dense; length 15-18 mm. (Colorado, Montana, Wyoming) E. staminea (Williston)

Abdominal segment 3 apically and 4-7 silvery pollinose with white parted hair be-

coming very short on 6-7; lower forceps with short tail, fringe golden and short

sparse; length 20-25 mm. (Arizona, Colorado, Mexico, New Mexico)

E. rapax (Osten Sacken)

12. Abdominal segments 2-7 silvery pollinose; terminalia reddish, surstyli in lateral view

slender and tapers apically; length 18-25 mm. (Texas, New Mexico, Oklahoma) _^-

E. bexarensis (Bromley)

Only apical abdominal segments silvery ; terminalia brown — - 13
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13. Abdominal segments 3-5 brown basally, 6-7 silvery; scutellar hairs and bristles yel-

low, hairs dense and as long as bristles; length 16-26 mm. (Texas) - E. auripila (Hine)

Abdominal segments 2-6 brown basally, 7 silvery; scutellar bristles brown (some-

times yellowish), discal hairs sparse yellowish and about 1/2 length of bristles; length

21-26 mm. (Kansas, Oklahoma, Texas) E. prairiensis (Bromley)

14. Sternite 8 shorter than sternite 7, not produced apically 15

Sternite 8 as long or longer than sternite 7, produced apically 27

15. Abdomen brown pollinose, segments 1 and, sides and posterior margins of 2-6 and

anterior margins of 2-3, gray pollinose, no long white hairs on any segments;

terminalia yellowish red; scutellar bristles white; length 9-12 mm. (Arizona, New
Mexico, Texas) E. wilcoxi (Bromley)

Abdomen with white parted hair on one or more segments 16

16. Segment 2 and 3 of abdomen black basally 17

Abdomen wholly gray or white polhnose 20

17. Surstyli broad, similar to E. nemoralis but more rounded apically, in dorsal view not

wider apically than at base; abdominal segments 3 posteriorly and 4-7 silvery

pollinose, posterior margin of 3 and 4-6 with white parted hair; length 18-21 mm.
(Texas) E. monki (Bromley)

Surstyli in side view narrower than in E. nemoralis, in dorsal view broader apically

than at base; abdominal segment 3 apically and 4-7 with dense white parted hair

18

18. Surstyli near apex in dorsal view 1 1/2 times as wide as at the base, in lateral view

rounded apically with a short narrow flange; face at antennae 30/40 width of one

eye, $ ? ; length 12-19 mm. (California) E. coquilletti (Hine)

Surstyli near apex in dorsal view 11/4 times as wide as at the base, in lateral view

slightly narrowed apically with a broad flange 19

19. Hairs anteriorly on mesonotum as long as antennae 1-2, about 8 anterior dorsocentral

bristles; S face 25/35, 9 25/38 width of one eye; length 12-20 mm. (Arizona) .—

— E. parkeri, new species

Hairs anteriorly on mesonotum as long as antennae 1, at most 2-3 anterior dorso-

central bristles; i face 25/36, $ 28/41 width of one eye; length 13-20 mm.
(Arizona) E. ehrenbergi, new species

20. Abdominal segments 2-4 with long white parted hair, short parted on 5-7 21

Abdominal segments 2-7 with white parted hair 22

21. Terminalia reddish to brown, surstyli truncate at apex, lower forceps with sparse

fringe of white and black hairs; 6-8 black scutellar bristles, discal hairs short black;

length 22-30 mm. (Arizona, Colorado) E. truncata (Hine)

Terminalia black, surstyli rounded apically with an apical flange and tuft of white

and black hairs, lower forceps with a dense fringe of white and brown hairs; 20

white scutellar bristles, discal hairs white and as long as the bristles; length 15-25

mm. (Arizona, California, Colorado, Utah) E. cana (Hine)

22. Scutellar bristles black; terminalia black, from above narrower than segment 6, sides

parallel, not swollen at tip, from side, general outline cylindrical; sternite 7 with a

little tuft of black hairs; length 13 mm. (Texas) E. mesquite (Bromley)

Scutellar bristles white _ _.. 23

23. Terminalia red; discal hairs of scutellum sparse and about 1/2 length of marginal

bristles; surstyli with a narrow flange apically, lower forceps with a sparse fringe

of white hairs; femora narrowly reddish at base and apex; length 11-16 mm. (New
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Mexico, Texas) E. pilosa (Hine)

Terminalia black; discal hairs of scutellum dense and as long as the marginal bristles .24

24. Palpi in part black haired; leg bristles largely black; surstyli truncate apically; length

lS-17 mm. (Utah) E. knowUoni (Bromley)

Palpi white haired; leg bristles white 25

25. Surstyli in lateral view wider at apex than at base, apical margin concave, dorsum

with black hairs; upper occipitals black; length 16-20 mm. (California)

E. yerm o, new species

Surstyli in lateral view not wider at apex than at base, apical margin convex, ter-

minalia all white haired; occipital bristles usually all white .....26

26. Parted hairs on abdomen dense and extending over lateral margins on segments 2-7,

venter 1-7 with erect hairs; 4-6 slender black anterior dorsocentral bristles; length

12-19 mm. (Arizona, Cahfornia) E. yuma, new species

Parted hairs on abdomen dense on 2-4, recumbent and not extending over lateral

margins on 5-7, short on venter of 5-7; no anterior dorsocentral bristles; length

17-24 mm. (Arizona, California) E. deserti, new species

27. Abdominal hairs sparse, longer and somewhat parted posteriorly on segments 2-3 28

Long white parted hairs on abdominal segments 2-4 at least 30

28. Abdomen uniformly gray pollinose; discal hairs of scutellum white; surstyli in dorsal

view nearly as wide as tergite 7, somewhat broader apically; length 18-26 mm.
(California, Nevada, Oregon) E. californica (Schaeffer)

Abdominal segments black basally ; discal hairs of scutellum in part black ; surstyli in

dorsal view much narrower than tergite 7, of nearly uniform width 29

29. Abdominal segments 2-6 black basally, 6 sometimes and 7 silvery; scutellar hairs all

black; sternite 8 broad, truncate apically, hairs black or white; length 23-30 mm.
(Arizona, Oklahoma, Texas) E. texana (Banks)

Abdominal segments 2-4 black basally, 5-7 gray pollinose; scutellar hairs black and

white; sternite 8 narrow apically with black hairs; length 20-24 mm. (Arizona,

Mexico) E. canella (Bromley)

30. Terminalia largely white haired; abdomen gray pollinose at most; segments 6-7 white

pollinose; sternite 8 white haired 31

Terminalia largely black haired; abdomen white pollinose; sternite 8 black haired 32

31. Surstyli in lateral view narrowed apically, apex divided and the upper lobe larger

than the lower lobe; abdominal segments 2-5 brown pollinose basally, 6-7 white

pollinose; length 23-25 mm. (Arizona, Kansas, New Mexico, Oklahoma, Texas) ....

E. argyrosoma (Hine)

Surstyli in lateral view broadened apically, not divided at apex but with a rounded

lobe above on the margin ; abdomen gray pollinose, thin sometimes on segment 2
;

length 15-25 mm. (Arizona, California, Colorado, Idaho, Oregon, Utah, Washing-

ton) E. benedicti (Bromley)

32. Surstyli divided at apex, lower lobe slightly larger than the upper lobe; scutellar hairs

and bristles largely black; mesonotum and abdominal segments 1-2 yellowish pol-

linose; length 18-23 mm. (Kansas, Oklahoma, Texas) E. argentijrons (Hine)

SurstyU not divided at apex; scutellar hairs white .33

33. Surstyli in lateral view narrowed apically, the large rounded triangular lobe almost

covering the apex; scutellar bristles white; anterior mesonotal hairs subequal in

length to antennae 2; length 18-28 mm. (Colorado, Kansas, New Mexico)

E. pallidula (Hine)

Surstyli in lateral view not narrowed apically, apex truncate with a rounded lobe
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on the upper half; scutellar bristles black; anterior mesonotal hairs as long as

antennae 1-2; length 15-21 mm. (Arizona, Idaho, Nevada, Utah)

E. basini, new species

Key to the Species of the Staminea Group—Females

1. Posterior side of the femora red 2

Femora black, sometimes reddish at tip 4

2. Ovipositor conical, 3.5 mm. long E. interrupta

Ovipositor flattened 3

3. Ovipositor broad for its entire length, 4.5 mm. long E. varipes

Ovipositor much narrower at apex than at base, 5.2 mm. long E. canella

4. Mystax with black and white hairs or bristles 5

Mystax white or yellowish, at most 1-2 black bristles below 7

5. Ovipositor at base of tergite 8 with a rounded tubercle below on each side, 5.1 mm.
long E. injlata

Ovipositor usually without definite basal tubercles 6

6. Scutellum with dense white parted hairs on disc; ovipositor without basal swelling,

3.9 mm. long E. dementi

Scutellum with short sparse erect mostly white hairs on disc ; ovipositor with basal

swelling, 5.2 mm. long E. neoinflata

7. Mystax yellow or yellowish 8

Mystax white 14

8. Ovipositor abruptly narrowed apically or of uniform width, tergite 9 nearly 2 times

length of cerci 9

Ovipositor gradually narrowing apically, tergite 9 and cerci subequal in length 13

9. Scutellar bristles black ..10

Scutellar bristles white or yellowish 11

10. Abdominal segments 2-6 brown basally, 7 all brown, 6-7 black haired dorsally; scutel-

lar hairs black; ovipositor 5.9 mm. long E. nemoralis

Abdomen all yellowish pollinose and yellowish haired; scutellar hairs yellow; ovi-

positor 5.9 mm. long E. plena

11. Scutellar hairs yellowish and nearly as long as the marginal bristles; ovipositor 3.7

mm. long _ E. auripila

Scutellar hairs much shorter than the marginal bristles 12

12. Scutellar hairs yellow; ovipositor broad and of nearly uniform width, 3.6 mm. long

E. bexarensis

Scutellar hairs all or in part black; apical 2/3 of ovipositor narrow, 3.6 mm. long

—

:

E. prairiensis

13. Fore femora below with long fine bristles; scutellar hairs in part black; ovipositor

4.2 mm. long £. staminea

Fore femora below with stout bristles; scutellar hairs all yellowish; ovipositor 4.3

mm. long E. rapax

14. Third vein forked beyond the middle of the distance between the anterior and discal

crossvein; anterior mesonotal hairs as long as antennal segment 1 15

Third vein forked at or before the middle of the distance between the anterior and

discal crossvein; anterior mesonotal hairs usually not longer than antennal seg-

ment 2 24

15. Scutellar and occipital bristles white 16

Scutellar and occipital bristles at least in part black ..21
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16. Ten scutellar bristles or less _17

Twelve or more scutellar bristles 18

17. Abdomen grayish pollinose, the dorsum appearing black at some angles; 8-10 scutellar

bristles; ovipositor black, forked at tip, 2.5 mm. long E. pilosa

Dorsum of abdominal segments brown pollinose, sides and posterior margins gray;

6-8 scutellar bristles; ovipositor reddish at base, 2.2 mm. long E. wilcoxi

18. Anterior branch of the third vein ends in the costa; abdominal segment 2 with long

more or less parted hairs, 6-7 black haired dorsally; ovipositor 4.0 mm. long __ E. cana

Anterior branch of the third vein usually ends in the second vein; at least abdominal

segments l-i with long more or less parted hairs 19

19. Abdominal segments 2-2> with long more or less parted hairs, 7 black haired dorsally;

ovipositor 5.2 mm. long E. yermo

Abdominal segments 2-4 with long more or less parted hairs, all white haired; ovi-

positor 3.1 to 3.6 mm. long ___.20

20. Tarsi brown; no anterior dorsocentral bristles; ovipositor 3.6 mm. long E. deserti

Tarsi yellowish red ; 4-5 slender anterior dorsocentral bristles, usually black ; ovi-

positor 3.1 mm. long - E. yiima

21. Abdomen wholly gray pollinose; ovipositor as long as abdominal segments 3-7

E. monki

Abdomen black dorsally, gray laterally 22

22. Abdominal segments 2-7 with black hairs dorsally; scutellar and occipital bristles

in part black; ovipositor 4.4 mm. long E. ehrenbergi

At most abdominal segments 6-7 with black hairs dorsally 23

23. Abdomen all white haired; scutellar and occipital bristles in part black; o\-ipositor

2.9 mm. long E. parkeri

Abdominal segments 6-7 black haired dorsally; scutellar bristles frequently all white,

occipitals in part black; ovipositor 3.8 mm. long E. coqidlletti

24. Third vein branched at the middle of the distance between the anterior and discal

crossvein 25

Third vein branched before the middle of the distance between the anterior and discal

crossvein _ 26

25. Scutellar bristles black; ovipositor about as long as abdominal segments 3-7 „ E. mesquite

Scutellar bristles white; ovipositor equal in length to abdominal segments 4-7

E. knowltoni

26. Ovipositor 5.8 mm. long or longer 27

Ovipositor at most 5.2 mm. long _ 28

27. Abdominal segments 2-5 gray pollinose, 6-7 brownish; ovipositor with a wedge shaped

projection at the base of sternite 8, 6.5 mm. long E. truncata

Abdominal segments 2-6 basally and 7 largely black; ovipositor without basal pro-

jection, 5.8 mm. long E. texana

28. Scutellar bristles black -29

Scutellar bristles white 32

29 . Palpi white haired , 30

Palpi at least in part black haired 31

30. Abdominal segments 6-7 black haired dorsally; ovipositor 5.1 mm. long .. E. argyrosoma

Abdomen white haired; ovipositor 4.3 mm. long E. argentifrons

31. Abdomen gray pollinose, dorsum of 2-6 and all of 7 brown, a few black hairs dorsally

on 1-4 and many on 5-7; ovipositor 5.2 mm. long E. californica
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142. STAMINEA. 143, WlLCOXl 144. WILCOKl
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Abdomen gray poUinose the dorsum appearing black, dorsum of 5-6 with a few and

7 with many black hairs; ovipositor 5.2 mm. long E. canella

32. Anterior mesonotal hairs as long as antennae 1 ; scutellar hairs nearly as long as

the bristles, sometimes 1-3 of the bristles black; ovipositor 4.0 mm. long E. basini

Anterior mesonotal hairs shorter than antennae 2; scutellar hairs 1/2 length of the

bristles 33

33. Abdomen white haired; bristles of head and mesonotum all or largely white; ovi-

positor of nearly uniform width, 4.7 mm. long E. benedicti

Abdominal segment 7 black haired dorsally; occipital and mesonotal bristles partly to

largely black; ovipositor tapering from base to apex, 4.4 mm. long E. pallidiila

Efferia argentifrons (Hine).

Erax argentifrons Hink, 1911, Ohio Nat., vol. 11, p. 308.

Types male and female, Clark County, Kansas (F. H. Snow), OSU.
Erax argentifrons Hine, 1919, Ann. Entomol. Soc. Amer., vol. 12, p. 148.

Description and figure of male hypopygium.

Bromley (1934) reports from the following localities in Texas: Austin,

May (U.T.); Austin and Bastrop, March 3, May 30 (R. H. Painter); Bastrop,

May 29, 1921, in pine region; Bexar County, May 1, 1929 (H. B. Parks);

Marathon, July 1-2, 1916 (Lutz-AMNH).
Specimens are known from the following localities. Kansas: Gove County,

2,813 feet (F. X. Williams); Jewell County, 8 July 1915 (R. H. Beamer); Os-

borne County, 1,557 feet, 7 August 1912 (F. X. Williams); Rawlins County, 4

July 1925 (R. H. Beamer); Russell County, 1,830 feet, 20 July 1912 (F. X.

Williams); SaUne County, 14 July 1923 (R. H. Beamer, C. H. Martin); Scott

Figures 129-144. Staminea Group, lateral view of the male terminalia and ovipositor

of the Efferia species.

129. E. inflata (Hine), male terminalia.

130. E. inflata (Hine), ovipositor.

131. E. auripila (Hine), male terminalia.

132. E. neoinflata, new species, ovipositor.

133. E. staminea (Williston), ovipositor.

134. E. interrupta (Macquart), male terminalia.

135. E. auripila (Hine), ovipositor.

136. E. rapax (Osten Sacken), male terminalia.

137. E. rapax (Osten Sacken), ovipositor.

138. E. cana (Hine), male terminalia.

139. E. cana (Hine), ovipositor.

140. E. neoinflata, new species, male terminalia.

141. £. interrupta (Macquart), ovipositor.

142. E. staminea (Williston), male terminalia.

143. E. wilcoxi (Bromley), male terminalia.
^

144. E. wilcoxi (Bromley), ovipositor.
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County, 17-19 June 1925 (R. H. Beamer, Howard Deay). Oklahoma: Kenton,

21-27 June 1933 (A. E. Pritchard). Texas: Austin, 20 April, 5 May 1932, 16

May 1930; Bexar County, 1 May 1929 (H. B. Parks); Goldthwaite, 29 May
1933; Italy, 30 May 1935.

Male. Length 22 mm. Head black, grayish white pollinose. Hairs and

bristles white; 2 bristles and 3-4 hairs on ocellar tubercle and upper occipitals

black. Face at antennae 43/49 width of one eye, vertex 37. Antennae black,

hairs white, segments measure 16-9-20-30.

Mesonotum black, brownish pollinose, humeri and posterior lateral margins

grayish. Hairs black, anteriorly subequal in length to antennae 2, a few on

humeri and laterally white. Bristles black, no anterior dorsocentral. Scutellum

brown pollinose, hairs black and as long as antennae 1-2, a few shorter white

basally; 8 black marginal bristles.

Abdomen black, segments 1-2 grayish pollinose, 3-7 white. Hairs white,

long parted posteriorly on 2 and all of 3, short on 4-7, parted on 4. Venter

grayish white pollinose, hairs long white basally gradually shorter to 5, 6-7

very short. Eight brown, in part thinly grayish pollinose, short hairs white,

sternite produced and nearly 2 times length of sternite 7. Terminalia reddish

brown; surstyli white haired with 4-5 black on ventral margin; fringe black

margined with white, subequal in length to antennae 2 and becoming shorter

apically.

Wings hyaline, veins reddish brown, anterior crossvein at 35/67 length

of discal cell, third vein branched at 17/32 distance from anterior to discal

crossvein, stump vein a little longer than anterior crossvein.

Female. Length 23 mm. Scutellar hairs white, subequal in length to

antennae 1. Abdomen grayish white pollinose; hairs short white, longer on

sides of 1-2, 1 with 4-5 yellowish lateral bristles. Venter gray pollinose and

white haired as in male. Ovipositor 4.5 mm. long, at middle 1/7 as wide

as long. Anterior crossvein at 35/70 length of discal cell, third vein branched

at 14/35 distance from anterior to discal crossvein.

Efferia argyrosonia (Hine).

Erax argyrosonia Hine, 1911, Ohio Nat., vol. 11, p. 310. Type male and female, near Al-

buquerque, New Mexico (J. R. Watson), OSU.

Erax argyrosoma Hine, 1919, Ann. Entomol. Soc. Amer., vol. 12, p. 144. Description and

figure of the male hypopygium ; reports from other localities in New Mexico and

western Texas.

Bromley (1934) reports from the following localities in Texas: Austin,

March 12, May 1932 (U.T.); Chisos Mountains, July 8, 1930 (H. M. Smith);

Davis Mountains, Fort Davis Quadrangle, Phantom Lake, June 1, 1916 (F.

M. Gaige); El Paso, July 1 (Duncan); Erwin, August 4, 1931 (R. H. Painter);

Junction, August 15; Orla, August 5, 1931; Trans-Pecos, 1916 (F. M. Gaige).
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Specimens are known from the following localities. Arizona: Portal,

24, 29 July 1963 (M. A. Cazier, J. Wilcox), 2 mi. E., 14 August 1962 (J.

Wilcox), 2 mi. S., 30 May 1962 (J. Wilcox), 2 mi. N.E., 13, 15 August 1962

(Itol J. and J. Wilcox), 4 mi. W., 13, 14 August 1962 (Itol J. and J. Wilcox).

Kansas: Scott County, 17 June 1925 (R. H. Beamer). New Mexico: Ala-

mogordo, 7 May 1902; 11 mi. S. of Animas, 27 July 1963 (M. A. Cazier,

M. Mortenson, J. Wilcox); Hidalgo County, 3 June 1937 (R. T. Kellogg);

Malaga, 11 July 1936 (J. D. Beamer, D. R. Lindsay); Rodeo, 20 July 1962

(W. J. Gertsch), 1 mi. N., 24, 26 July 1963 (J. Wilcox); Tucumcari, 4 June

1933, 25 June 1932 (R. H. Beamer).

]Male. Length 20 mm. Head black, whitish pollinose. Hairs and

bristles white; 2 on ocellar tubercle, upper occipitals and 1-2 hairs on palpi,

black. Face at antennae 40/45 width of one eye, vertex ?>2>. Antennae

black, grayish pollinose, hairs white, segments measure 15-9-17-29.

Mesonotum black, humeri reddish; gray pollinose, central stripe and

intermediate spots brown. Hairs black, anteriorly 1/2 length of antennae 2;

humeri in part and all margins with white hairs; 1 weak black anterior dorso-

central. Scutellum black, gray pollinose, hairs sparse white and as long as

antennae 1-2, 8 black marginal bristles.

Abdomen black, grayish white pollinose, 6-7 white; hairs white, longer

erect on sides of 1-3 but not parted. Venter grayish white pollinose; hairs

white, long on 1-4, short on 5, very short on 6-7. Eight black, grayish pollinose,

hairs white, sternite produced and 1 1/2 times length of 7. Terminalia black,

hairs white, above and on ventral margin of surstyli black; fringe brown,

some white hairs basally, 2/2) length of antennae 1, short near apex.

Wings hyaline, veins brown, anterior crossvein at 41/70 length of discal

cell, third vein branched at 15/30 distance from anterior to discal crossvein,

stump vein as long as anterior crossvein.

Female. Length 24 mm. Abdomen grayish pollinose, dorsum basally

of 2-5 and 6-7 largely brownish pollinose; hairs short white, longer on sides

of 1-2. Venter gray pollinose; hairs white, long on 1-5, short on 6, mostly

short black on 7. Ovipositor black, 5.3 mm. long, at middle 1/9 as wide as long.

Anterior crossvein at 45/83 length of discal cell, third vein branched at 9/38

distance from anterior to discal crossvein.

Efferia auripila (Hine).

Erax auripiltis Hine, 1916, Ohio Jour. Sci., vol. 17, p. 22. Type male, Clifton, Texas, May 29,

1907 (E. B. Williamson), OSU. Paratype male, Round Mountain, Texas, AXSP.

Erax auripiliis Hine, 1919, Ann. Entomol. Soc. Amer., vol. 12, p. 145. Description of male

and figure of the male hypopygium ; reports females from different localities in Texas,

USNM.

Bromley (1934) reports from the following localities in Texas: Austin,

April, May (U.T.); Bexar County, June 25, 1928 (H. B. Parks); Dallas,
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15^. BEXARENSIS

156. VARIPES 157. TRUNCATA
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AMNH; Pampa, June 13, 1930; Round Mountain, AESP; Taylor, May
23, 1929 (J. C. Gaines).

Specimens from the following localities in Texas: Ballinger, 12 June 1932

(S. E. Jones); Bexar County, 1 May 1929, 15 June 1928 (H. B. Parks);

Corsicana, 16 May 1933.

Male. Length 21 mm. Head black, hairs and bristles yellowish, beard

and hairs on proboscis whitish, a few black hairs on frons and upper

occiput. Face at antennae 49/49 width of one eye, vertex 45. Antennae

black, hairs yellowish, segments measure 16-9-17-35.

Mesonotum black, yellowish pollinose, central stripe and intermediate

spots brownish. Hairs black, anteriorly subequal in length to antennae 1, on

margins and humeri mostly yellowish. Bristles partly yellowish, no anterior

dorsocentral. Scutellum yellowish gray, hairs erect yellowish with about 8

black intermixed and as long as antennae 1-3, about 14 slender yellowish

marginal bristles.

Abdomen yellowish gray pollinose, 6-7 yellowish white, dorsum 2-5 brown.

Hairs yellowish, longer on sides of 1-4, no parted hairs, a few black on

dorsum of 5. Venter yellowish pollinose, hairs yellowish, long erect on 1-4.

Eight yellowish gray, hairs yellowish, a few short black on tergite, long

posteriorly on sternite. Terminalia brown, hairs yellowish, a few black above

basally on surstyli; fringe brown margined with yellow, basally as long as

antennae 1-2 becoming shorter apically.

Wings hyaline, veins reddish brown, anterior crossvein at 31/60 length

of discal cell, third vein branched at 21/29 distance from anterior to discal

crossvein, stump as long as anterior crossvein.

Female. Length 22 mm. Anterior mesonotal hairs subequal in length

to antennae 2. Scutellar hairs all yellowish, subequal in length to antennae

Figures 145-157. Staminea Group, lateral view of the male terminalia and ovipositor

of the Efferia species.

145. E. truncata (Hine), ovipositor.

146. E. prairiensis (Bromley), male terminalia.

147. E. plena (Hine), ovipositor.

148. E. nemoralis (Hine), ovipositor.

149. E. plena (Hine), male terminalia.

150. E. varipes (Williston), oN-ipositor.

151. E. prairiensis (Bromley), ovipositor.

152. E. nemoralis (Hine), male terminalia.

153. E. dementi (Wilcox and Martin), ovipositor.

154. E. bexarensis (Bromley), male terminalia.

155. E. bexarensis (Bromley), ovipositor.

156. E. varipes (Williston), male terminalia.

157. E. truncata (Hine), male terminalia.
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1-2. Abdomen yellowish pollinose, dorsum 2-7 brownish; hairs yellowish,

longer on sides of 1-2. Venter yellowish pollinose, hairs long on all segments

but longer on 1-2. Ovipositor black, 3.5 mm. long, basal 1/4 triangular, at

middle 1/8 as wide as long. Anterior crossvein at 33/73 length of discal

cell, third vein branched at 30/40 distance from anterior to discal crossvein.

Efferia basini Wilcox, new species.

Male. Length 19 mm. Head black, white pollinose, frons thinly brownish.

Hairs white; on frons black with a few white to sides of antennae; 3 bristles

and about 10 hairs on ocellar tubercle, occipital bristles and a few hairs above

on palpi, black. Face at antennae 40/44 width of one eye, vertex 33. An-

tennae black, hairs white, segments measure 15-8-18-28.

Mesonotum black; grayish brown pollinose, central stripe and intermediate

spots brown. Hairs black, anteriorly as long as antennae 1-2 and at suture

as long as 1-3; white on margins and a few on humeri. Bristles black, 2

presutural, 2 supraalar, 2-3 postalar, 3 slender posterior dorsocentral. Pleura

and coxae grayish pollinose, pleura with golden tinge, hairs white. Scutellum

grayish pollinose, hairs white and longer than antennae 1-2, 12 black marginal

bristles.

Abdomen black, grayish white pollinose, brownish on dorsum of 2. Hairs

white, long parted on 2-4, shorter parted on 5-7. Venter grayish white pollinose,

hairs erect white on 1-5, shorter on 6-7. Eight brown, hairs white, a few

short black on tergite; sternite produced and 1 1/5 times length of 7 with

long hairs apically. Terminalia black, ventral margin of surstyli and apical

half of lower forceps brown; hairs white, dorsum and ventral margin of

surstyli with black hairs; fringe brown, margined with white, basally 2/3

length of antennae 1, shorter apically.

Legs black, basal 2/3 of tibiae reddish, tarsi brown. Hairs white, a few

at apex of femora, above on middle tarsi and hind tarsi largely black. Bristles

black; claws black, base reddish; pulvilli and empodia brownish.

Halteres brownish. Wings hyaline, veins brown, anterior crossvein at

35/70 length of discal cell, third vein branched at 12/25 distance from

anterior to discal crossvein, stump 1/2 length of anterior crossvein.

Female. Length 16 mm. Hairs on frons mostly white, 1 black occipital

bristle, palpi all white haired. Anterior mesonotal hairs with many white

anteriorly and as long as antennae 1, at suture as long as antennae 1-2.

Scutellar hairs as long as antennae 1-2, 10 white marginal bristles. Abdomen

grayish white pollinose, 7 brownish dorsally; hairs white, longer on 1-2, a

few black dorsally on 6 and many on 7. Venter grayish pollinose, hairs

erect white, longer on 1-3. Ovipositor black, 3.7 mm. long, at middle 1/6 as

wide as long. Anterior crossvein at 28/49 length of discal cell, third vein

branched at 11/21 distance from anterior to discal crossvein.
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HoLOTYPE. Male, 28.5 mi. \V. of Eureka, Eureka County, Nevada, 6

June 1960 (R. \V. Thorp), CIS.

Allotype. Female, same data.

Paratypes. Nevada: 2 i S, 19, same data (J. W. MacSwain, R. W.
Thorp), CIS; 2 6 6,29$, Angel Lake Road, Wells, 17 June 1952 (E. I.

Schlinger
)

, UCD ; 16,299, Charcoal Ovens State Park, White Pine

County, 29, 30 June 1960 (T. R. Haig), UCD; 1 i, Emigrant Pass, Eureka

County, 19 June 1952 (E. I. Schlinger), UCD; 1 6, Galconda, Humbolt
County, 31 May 1959 (T. R. Haig), UCD; 2 9 9, Osage, 25 June 1935

(Jean Russell), JW; 16, Valmy, Humbolt County, 25 May 1957 (T. R.

Haig), UCD. Arizona: 1 6, Grand Canyon, June (D. K. Duncan), CAS, 1 6,

3 June 1945 (K. Cooper), UCD; 29 9, 12 June 1937 (W. Benedict) (from

the paratypes E. benedicti Bromley), JW; 1 6 , 10 mi. W. of Jacob Lake, 6

June 1946 (R. M. Bohart), UCD; 3 9 9, 19 mi. S. of Page, 30 May, 3 June

1963 (Itol J. and J. Wilcox), JW. Idaho: 1 6, Basin, Cassia County, 14

June 1933 (H. E. Cott), UCD. Utah: 2 6 6, Copper Mountains, Tecoma
Range, June 1928 (Vasco M. Tanner) 1709, JW; 1 6, Logan, 18 June 1947

(R. M. Bohart), UCD.

Efferia benedicti (Bromley).

Erax benedicti Bromley, 1940, Bull. Brooklyn Entomol. Soc, vol. 35, p. IS.

Type male, Winslow, Arizona, June 13, 1937 (W. Benedict), female,

Santa Rita Mountains, Arizona, May 9, 1937 (W. Benedict), L^K. Paratypes,

same data as above and following localities in Arizona: Baboquivari Mountains,

April 19, 1937; Doney, June 13, 1937; Mustang Mountain, May 18, 1937;

Tucson, April 24, 1937; Douglas, May 18, 1937; all (W. Benedict). Two
female paratypes. Grand Canyon, Arizona, are placed in E. basini, new species.

After much deliberation we have concluded that this common early species

in southern Arizona is not different from those which occur farther north later

in the season although those that occur later are usually larger and have more

black bristles. The range is then from Arizona to Washington, from the

western slopes of the Rocky Mountains to the eastern slopes of the Sierra

and the Cascade ^Mountains, and southern California extending as far north

as Fresno County in the San Joaquin Valley.

Specimens from the following localities: Arizona: widespread except east

of Chiricahua Mountains, April to September, common in southern counties

April and May. California: southern counties north to Fresno County, east

slope of Sierras, April to September. Colorado: Moffat County, July. Idaho:

Mountain Home, July. Xevada: numerous localities. May to September. Oregon:

eastern, July and August. Utah: numerous localities. May to September.

Washington: eastern, July and August.
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Male. Length 20 mm. Head black; whitish pollinose, the frons golden.

Hairs and bristles white; a few on frons, 2 bristles and 3-4 hairs on ocellar

tubercle, 4 upper occipitals on each side and a few hairs, black. Face at

antennae 38/46 width of one eye, vertex 30. Antennae black, hairs white,

segments measure 15-8-15-30.

Mesonotum black, grayish brown pollinose, central stripe and intermediate

spots brown. Hairs black, anteriorly subequal in length to antennae 2, humeri

in part and margins with white hairs. Bristles black, no anterior dorsocentral.

Scutellum gray pollinose, hairs white with a few black and subequal in length

to antennae 1, 7 black and 2 whitish marginal bristles.

Abdomen grayish pollinose becoming white apically. Hairs white, parted

on 2-4 but not dense. Venter gray pollinose, hairs white, long on 1-4, shorter

on 5, very short on 6-7. Eight black, brownish pollinose, hairs white, sternite

1.6 times length of sternite 7 with long hairs apically. Terminalia brown,

hairs white, black on dorsum of surstyli; fringe sparse brown and subequal in

length to antennae 2.

Wings hyaline, veins brown, anterior crossvein at 40/61 length of discal

cell, third vein branched at 12/24 distance from anterior to discal crossvein,

stump vein subequal in length to anterior crossvein.

Female. Length 20 mm. One bristle on ocellar tubercle black, all other

hairs and bristles on head white. Anterior mesonotal hairs shorter than

antennae 2; bristles mostly white. Scutellar hairs white and subequal in

length to antennae 1 ; 6 white marginal bristles. Abdomen grayish pollinose,

7 brownish; hairs short white, longer on sides of 1-2. Venter gray pollinose,

hairs white, long on 1-4. Ovipositor black, 5.0 mm. long, at middle 1/8 as

wide as long. Anterior crossvein at 30/57 length of discal cell, third vein

branched at 15/27 distance from anterior to discal crossvein.

Hine, 1919, apparently included some of these in E. calijornica as his range

is from Washington and Montana to California and Nevada.

Efferia bexarensis (Bromley).

Erax bexarensis Bromley, 1934, Ann. Entomol. Soc. Amer., vol. 27, p. 94. Type male,

Bexar County, Texas, July S, 1932 (H. B. Parks), female, same data, July 4, 1932,

TAMU. Paratypes, same data, June 14 to July 5; Carrizo Springs, Texas, June 10, 1928

(W. A. Frazier) ; Laredo, June 18, 1922; Metz, June 16 (R. H. Painter).

Specimens are known from the following localities. New Mexico: Portales,

16 July 1936 (M. B. Jackson). Oklahoma: Snyder, 10 July 1934 (A. E.

Pritchard). Texas: San Antonio, 13 June 1933 (G. P. Engelhardt).

Male. Length 21 mm. Head reddish, white pollinose, frons yellowish.

Hairs and bristles yellowish, beard and hairs on proboscis white. Face at

antennae 47/49 width of one eye, vertex 35. Antennae black, hairs yellow-

ish, segments measure 14-8-17-33.
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Mesonotum black, humeri reddish; yellowish pollinose, broadly divided

central stripe and intermediate spots brown. Hairs black, anteriorly 1/2
length of antennae 2, a few whitish on posterior margin. Bristles yellowish,

no anterior dorsocentral. Scutellum grayish yellow pollinose, hairs sparse

yellowish and 4 black, in length subequal to antennae 2 ; 11 yellowish marginal

bristles.

Abdomen densely white pollinose, hairs short white. Venter grayish

white pollinose, hairs white, long on 1-2. Eight reddish brown, hairs white,

a few short black on tergite. Terminalia reddish, surstyli brownish dorsally;

hairs yellowish, black dorsally on surstyli; fringe brown, dense basally and

as long as antennae 1-2, sparse apically and shorter than antennae 2.

Wings hyaline, veins light brown, anterior crossvein at 36/65 length of

discal cell, third vein branched at 13/29 distance from anterior to discal

crossvein, stump shorter than anterior crossvein.

Female. Length 13 mm. Discal hairs of scutellum shorter than antennae

2, 7 marginal bristles. Abdomen white pollinose, 7 brownish; hairs short

white, longer on 1, short black dorsally on 7. Venter grayish white pollinose,

hairs short white, a few longer on 1-2. Ovipositor black, 3.1 mm. long, at

middle 1/4 as wide as long.

Efferia californica (Schaeffer).

Erax californiciis Schaeffer, 1916, Jour. New York Entomol. Soc, vol. 24, p. 67. Type
male, Shasta County, California (George Franck), USNM.

Erax californkiis, Hine, 1919, Ann. Entomol. Soc. Amer., vol. 12, p. 150. Description and

figure of wing; ranging from Washington and Montana to California and Nevada.

Specimens are known from the following localities. California: Alpine,

Calaveras, Colusa, Del Norte, El Dorado, Fresno, Lassen, Madera, Mariposa,

Merced, Mono, Napa, Plumas, Shasta, Tehama, Trinity, Tulare, and Tuolumne
counties, June to August. Nevada: 6 mi. W. of Reno, 29 June 1955 (J. C.

Downey); 13 mi. N. of Topaz Lake, 1 July 1963 (J. Wilcox); Walley Hot
Spring, 24 June 1953 (R. M. Bohart). Oregon: Grave Creek, Jackson County,

29 June 1925 (H. A. Scullen); Kerby, 19 July 1935 (Jean Russell).

Male. Length 21 mm. Head black, face golden, frons golden brown,

occiput gray pollinose. Mystax yellowish white; hairs on frons black with

a number of white to sides of antennae; 2 bristles and hairs on ocellar tubercle

black; occipital bristles black; beard, hairs on proboscis and palpi white,

4-5 black hairs apically on palpi. Face at antennae 40/48 width of one

eye, vertex 33. Antennae black, hairs yellowish white, segments measure

15-8-20-28.

Mesonotum black, brownish pollinose, divided central stripe and inter-

mediate spots indistinctly darker brown. Hairs black, anteriorly subeq^ial

in length to antennae 2 and at suture subequal to antennae 1 ; in part on
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173. BENEDICTI W. CANELLA 175. PALLIDULA
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humeri and all margins white. Bristles black, no anterior dorsocentral.

Scutellum grayish brown pollinose, hairs white and as long as antennae 1-2,

6 black and 1 yellowish marginal bristles and some longer white hairs.

Abdomen black, grayish white pollinose, dorsum of 2 broadly and 3-4

narrowly brown. Hairs white, apical 1/2 of 2 and 3 with long and 4 with

shorter sparse parted; long white on sides of 1, dorsum with short white

and black, 5 white lateral bristles. Venter gray pollinose, hairs white, long

erect on 1-4, shorter erect on 5, short on 6-7 with some longer apically on 7.

Eight black, thinly brownish pollinose, tergite with long white and short black

hairs, sternite produced and 1 2/3 as long as 7 with dense long white hairs

apically. Terminalia black, hairs white, above on surstyli black and below

at apex with a clump of crinkly black hairs; fringe brown margined with

fine white hairs, subequal in length to antennae 2.

Wings hyaline, veins brown, anterior crossvein at 45/73 length of discal

cell, third vein branched at 12/28 distance from anterior to discal crossvein,

stump 1/2 length of anterior crossvein.

Female. Length 24 mm. A few more white hairs on frons. Anterior

mesonotal hairs shorter than antennae 2. Scutellar hairs subequal in length

to antennae 1, 6 black and 2 yellowish bristles and 2 long white hairs. Abdomen
grayish pollinose, dorsum 1-6 and all of 7 brownish pollinose; hairs short

white, longer on sides of 1-3, a few dorsally on 1-4 and many on 5-7. Venter

grayish pollinose, hairs erect white, longer on 1-5. Ovipositor black. 5.3

Figures 158-175. Staminea Group, lateral view of the male terminalia and ovipositor

of the Efferia species.

158. E. argentijrons (Hine), male terminalia.

159. E. texana (Banks), ovipositor.

160. E. californica (Schaeffer), male terminalia.

161. E. californica (Schaeffer), ovipositor.

162. E. texana (Banks), male terminalia.

163. E. benedicti (Bromley), ovipositor (Arizona).

164. E. canella (Bromley), ovipositor.

165. E. benedicti (Bromley), male terminalia (Washington).

166. E. argyrosoma (Hine), ovipositor.

167. E. argyrosoma (Hine), male terminalia.

168. E. argentifrons (Hine), ovipositor.

169. E. pallidula (Hine), male terminalia.

170. E. basini, new species, male terminalia.

171. E. basini, new species, ovipositor.

172. E. benedicti (Bromley), ovipositor (Washington).

173. E. benedicti (Bromley), male terminalia (Arizona).

174. E. canella (Bromley), male terminaha. "

175. E. pallidula (Hine), ovipositor.
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mm. long, at middle 1/8 as wide as long. Anterior crossvein at 41/71

length of discal cell, third vein branched at 12/30 distance from anterior to

discal crossvein.

Hine's (1919) records for Montana and Washington are doubtful. This

is mainly a mountain species of the California Sierras, extending narrowly

into Nevada through Beckwourth Pass and into southwestern Oregon.

Efferia cana (Hine).

Erax canus Hine, 1916, Ohio Jour. Sci., vol. 17, p. 32. Types male and female, Claremont,

California (Carl F. Baker), OSU.

Erax caniis Hine, 1919, Ann. Entomol. Soc. Amer., vol. 12, p. 145. Description and figure

of male hypopygium ; reports from Los Angeles County, California, Coquillett Collection,

USNM.

Specimens are known from the following localities. Arizona: Parker,

1 May 1964 (J. M. Davidson), 8 mi. SE., 2 May 1964 (J. M. Davidson);

Wellton, 24 April 1935 (F. H. Parker). California: Contra Costa, Fresno,

Kern, Kings, Los Angeles, Madera, San Bernardino, San Luis Obispo, Santa

Barbara, and Ventura counties, April to June but collected mostly in May.

Colorado: Grand Junction, 24 May 1926 (M. C. Van Duzee). Utah: Leeds, 23

May 1959 (Itol J. and J. Wilcox); 3 mi. N. of St. George, 23, 24 May 1959

(Itol J. and J. Wilcox).

Male. Length 23 mm. Head black, whitish pollinose, frons slightly

golden. Hairs and bristles white, in part black on frons and ocellar tubercle.

Face at antennae 46/48 width of one eye, vertex 34. Antennae black, hairs

white, segments measure 18-8-18-33.

Mesonotum black, grayish yellow pollinose, divided central stripe and

intermediate spots brown. Hairs black, anteriorly 2/3 length of antennae 1,

a few white on humeri and all margins; bristles white, 3-4 slender black

anterior dorsocentral. Scutellum grayish yellow pollinose, hairs dense white

and longer than antennae 1-2, 17 white marginal bristles.

Abdomen black, densely white pollinose, dorsum 2-3 brown basally; hairs

white parted, long on 2-3, shorter on 4-5, recumbent on 6, sparse on 7. Venter

gray pollinose, hairs white, long erect on 1-3 and a few on 4. Eight black,

hairs white. Terminalia black, hairs white; black above on surstyli and a

few on ventral margin, at tip ventrally with a tuft of long crinkly brown

hairs; fringe brown, margined with white hairs, basally as long as antennae

1-2, at apex subequal to antennae 1.

Wings hyaline, veins brown, anterior crossvein at 34/65 length of discal

cell, third vein branched at 15/31 distance from anterior to discal crossvein.

Female. Length 22 mm. Hairs and bristles of head all whitish. Discal

hairs of scutellum subequal in length to antennae 1. Abdomen grayish

pollinose, hairs white, longer on sides of 1-3, dorsum of 7 with short black



Vol. XXXIV] WILCOX: THE GENUS EFFERIA IN NORTH AMERICA 197

hairs and a few on 6. \'enter gray, hairs erect white on 1-7. Ovipositor

black, 3.8 mm. long, at middle 1/6 as wide as long.

Efferia canella (Bromley).

Erax canelliis Bromley, 1934, Ann. Entomol. Soc. Amer., vol. 27, p. 95. Type male, Black

Dike Prospect, Sierritas, Arizona, July 26-29, 1916, female. Coyote Mountains, Arizona,

August 4-7, 1916, AMNH. Paratypes, same data, and, near Kits Peak, Baboquivari

Mountains, Arizona, August 7-9, 1916; Comobabi Mountains, Arizona, .August 9-10.

1916.

Specimens are known from the following counties in Arizona: Apache,

Cochise, Maricopa, Pima, Pinal and Yuma; collected from April to November

but most specimens were taken in August and September. Mexico: Sonora,

8 mi. S. of Sasabe, Arizona, 5 September 1964 (Earl G. Davis); 48.5 mi. S.

of Hermosillo, 17 August 1964 (M. E. Irwin, P. A. Ranch).

Male. Length 22 mm. Head black; grayish white pollinose, frons with

golden tinge. Hairs and bristles white; 2-3 bristles on ocellar tubercle, about

12 upper occipitals on each side and a few hairs on palpi, black. Face at

antennae 36/50 width of one eye, vertex 29. Antennae black, hairs white,

segments measure 15-9-20-22.

Mesonotum black; brownish gray pollinose, broadly divided central stripe

and intermediate spots brown. Hairs black, anteriorly shorter than antennae 1,

humeri with a few and anterior and lateral margins with white hairs; bristles

black, no anterior dorsocentral. Scutellum gray pollinose, hairs white with

a few black and subequal in length to antennae 1, 6 black marginal bristles.

Abdomen black, grayish white pollinose, dorsum of segments 2-5 basally

appearing black at most angles. Hairs white, longer on sides of 1-4 and

posterior margins of 2-5 but not parted. Venter grayish white pollinose,

hairs long white erect, shorter on 6-7. Eight black; tergite short white haired:

sternite produced and 2 times as long as 7, narrow apically with long black

hairs, white hairs basally. Terminalia black, ventral margin of surstyli and

lower forceps largely, reddish; hairs white, dorsum of surstyli and apical

ventral margin with dense short crinkly hairs, black; fringe black, sparse,

subequal in length to antennae 2.

Legs black, basal 1/2 or more of tibiae reddish.

Wings hyaline, veins brown, anterior crossvein at 40/66 length of discal

cell, third vein branched at 12/26 distance from anterior to discal crossvein,

stump vein subequal in length to anterior crossvein.

Female. Length 24 mm. Two bristles on ocellar tubercle and 8-10

occipitals black. Mesonotal hairs anteriorly very short. Scutellar hairs white

and subequal in length to antennae 2. Abdomen black, gray pollinose, dorsum

of 2-6 appearing black and dorsum of 7 narrowly black; hairs while short,

somewhat longer on sides of 1-2, dorsum of 5-6 with a few and 7 with many
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black hairs. Venter grayish pollinose, hairs erect white but much longer on

1-3. Ovipositor black, 5.0 mm. long, at middle 1/9 as wide as long.

Bromley (1934) described as, "Femora black, reddish posteriorly." Out

of 200 specimens from Arizona only about 10 percent have the femora reddish

posteriorly. It has been included in the key in two places to take care of

this discrepancy. All the specimens from Sonora, Mexico, had the femora

reddish posteriorly.

Efferia dementi (Wilcox and Martin).

Erax clementei Wilcox and Martin, 1945, Bull. South. Calif. .'\cad. Sci., vol. 44, p. 14,

figures of male genitalia and female ovipositor. Types male and female, San Clemente

Island, California, IV-4 1939, LAM.

No additional material has become available. San Clemente Island, the

most southern of the Channel Island Group off the coast of southern California,

was taken over by the Navy in World War II and is still under their control.

Female. Length 19 mm. Head black; mystax formed of about 30 long

slender black bristles with shorter white hairs intermixed; hairs on frons

black with a few white; 4 bristles and hairs on ocellar tubercle black; upper

occipitals black; beard and hairs on proboscis white; palpi largely black

haired. Face at antennae 35/45 width of one eye, vertex 25. Antennae

black; hairs white, 2 black below on 1 on one side; segments measure

14-8-17-24.

Mesonotum black, grayish yellow pollinose, divided central stripe black,

intermediate spots brown. Hairs black, anteriorly as long as antennae 1

;

humeri and all margins with white hairs. Bristles black, 4-5 slender anterior

dorsocentral. Scutellum grayish brown pollinose; disc bare at middle, on

each side with dense white recumbent (parted) hairs as long as antennae 1-2;

12 black marginal bristles.

Abdomen black, grayish pollinose, the dorsum appearing black; hairs

white, sparse longer on sides of 1-2, dorsum 1-7 with short black hairs,

numerous on 6-7. Venter grayish pollinose, hairs sparse erect white becoming

shorter apically. Ovipositor black, 4.0 mm. long (allotype 5.0), at middle

1/7 as wide as long.

Wings hyaline, veins brown, anterior crossvein at 27/54 length of discal

cell, third vein branched at 18/27 distance from anterior to discal crossvein,

stump vein 1/2 length of anterior crossvein.

The holotype was described as 18 mm. long. The main difference

between the sexes is the white parted hairs on abdominal segments 2-7, long

on 2-i, somewhat shorter on 4-6, and very short on 7.

Efferia coquilletti (Hine).

Erax coquilletti Hine, 1919, kx\r\. Entomol. Soc. Amer., vol. 12, p. 149, figure of male

hypopygium. Types male and female, San Diego County, California, April (Coquillett),

USNM.
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Specimens are known from the following counties in California: Inyo,

Riverside, San Bernardino, and San Diego; March to May. Practically all

records are from the Colorado and Mojave deserts, mainly in March and

April.

Male. Length 15 mm. Head black; face white, frons grayish brown,

occiput gray pollinose. Mystax white; hairs on frons black and white; 2

slender bristles and 5-6 hairs on ocellar tubercle black; 7-8 upper occipitals

black; beard, hairs on proboscis and palpi white, apically on palpi black.

Face at antennae 26/35 width of one eye, vertex 22. Antennae black, hairs

white, segments measure 11-5-11-21.

Mesonotum black, grayish golden pollinose, divided central stripe and

intermediate spots black. Hairs black, anteriorly quite dense and subequal

in length to antennae 1 ; on humeri largely and on anterior and lateral margins

white. Bristles black, 2-3 weak anterior dorsocentral. Scutellum gra3'ish

pollinose, sparse hairs erect white and as long as antennae 1-3, 9 white

marginal bristles.

Abdomen black, 1-3 gray and 4-7 white pollinose, dorsum of 2-3 largely

subshining black. Hairs white, long sparse on 2, dense long parted on 3-7.

Venter gray pollinose, hairs sparse erect white. Eight dull black, hairs white.

Terminalia black, base and narrow ventral margin of surstyli reddish; hairs

white, a few black above on surstyli; surstyli in dorsal view 1 1/2 times as

wide near apex as at base; fringe sparse brownish white, subequal in length

to antennae 1.

Wings hyaline, veins brown, anterior crossvein at 28/47 length of discal

cell, third vein branched at 12/19 distance from anterior to discal crossvein,

anterior branch of third vein ends in second vein.

Female. Length 17 mm. Anterior mesonotal hairs subequal in length

to antennae 2, no anterior dorsocentral bristles. Abdomen black, grayish

white pollinose, basal dorsum of 2-7 subshining black; hairs white, sparse,

long on sides and posterior margins of 1-5, dorsum of 2-6 basally and 7 largely

with short black hairs. Venter grayish pollinose, hairs sparse erect white.

Ovipositor black, 3.8 mm. long, at middle 1/8 as wide as long. Anterior

crossvein at 27/48 length of discal cell, third vein branched at 14/21 distance

from anterior to discal crossvein, stump vein as long as anterior crossvein.

Efferia deserti Wilcox, new species.

Male. Length 20 mm. Head black; white pollinose; hairs and bristles

white, 4 hairs on ocellar tubercle and 3-6 upper occipitals black. Face at

antennae 37/45 width of one eye, vertex 34. Antennae black, hairs white,

segments measure 18-8-14-27.

Mesonotum black; grayish pollinose; divided central stripe and injter-

mediate spots black. Anterior central hairs black and subequal in length
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184. YUMA

18C. DESERTl 187. DESERT I

Figures 176-187. Staminea Group, lateral view of the male terminalia and ovipositor

of the Efjeria species.

176. E. coquilletli (Hine), male terminalia.

177. E. yermo, new species, ovipositor.

178. E. yermo, new species, male terminalia.

E. ehrenbergi, new species, ovipositor.

E. coquilletti (Hine), ovipositor.

E. ehrenbergu new species, male terminalia.

182. E. parkeri, new species, male terminalia.

183. E. parkeri, new species, ovipositor.

184. E. ynma, new species, male terminalia.

185. E. yuma, new species, ovipositor.

186. E. deserti, new species, male terminalia.

187. E. deserti, new species, ovipositor.

179.

180.

181.
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to antennae 2, posteriorly long black, short black on intermediate spots,

otherwise white. Bristles white, 2 presutural, 2 supraalar, 2 postalar, 6-7

weak posterior dorsocentral. Pleura and coxae black, gray pollinose. hairs

white. Scutellum black, gray pollinose, hairs erect white and subequal in

length to antennae 1-3, 16 weak white marginal bristles.

Abdomen black, white pollinose; hairs white, parted on 2-7 but appressed
and not extending over margins on 5-7; 8-9 white lateral bristles on 1. Venter
white pollinose, hairs white, erect on 1-4, appressed on 5-7. Segment 8

black, hairs white, tergite white pollinose. Terminalia black, hairs white;

surstyli in dorsal view 11/2 times as wide at apex as at base; fringe on lower
forceps dense and basally as long as antennae 1 becoming shorter apically.

Femora black, tibiae yellowish red, tips of tibiae and tarsi brown. Hairs
and bristles white, short bristles below on tarsi black. Claws black, base
reddish; empodia and pulvilli brownish.

Halteres brown, stem lighter brown. Wings hyaline, veins brown, anterior

crossvein at 33/60 length of discal cell, third vein branched at 22/27 distance
from anterior to discal crossvein, stump vein 1/2 length of anterior crossvein,

anterior branch of third vein ends at junction of costa and second vein.

Female. Length 19 mm. One hair on ocellar tubercle and 3 occipitals

on each side black. Dorsum of abdominal segments 6-7 narrowly black;

hairs sparse white, parted on 2-4. Ovipositor brownish black, 3.2 mm. long,

at middle 1/6 as wide as long. Anterior crossvein at 33/56 length of discal

cell, third vein branched at 21/23 distance from anterior to discal crossvein,

stump vein as long as anterior crossvein, anterior branch of third vein ends
in costa near the second vein.

HoLOTYPE. Male, 10 mi. E. of Desert Center, California, 13 April 1941

(J. Wilcox, Jr.)

Allotype. Female, same data.

Paratypes. California: 19, Amboy Crater, 24 April 1960 (J. Powell),

CIS; 2$i, 13 mi. E., 12 April 1958 (J. W. MacSwain), CIS; 1?, 4 mi!

E. of Ballarat, Inyo County, 9 April 1955 (R. F. Smith), CIS; 56 6, 5 9 9,

18 and 22 mi. W. of Blythe, 9 April 1963, 12 April 1951, 13 April 1957, 29

April 1952 (J. C. Hall, P. H. Timberlake), UCR; 26$, 19, Borego, 24

April 1949, 1954, 26 April 1955 (P. D. Hurd, L. W. Quate, J. G. Rozen),

CIS; 19, 27 April 1955 (P. H. Timberlake), UCR; 76 6, 109 9, dunes and
Palm Canyon, 6, 7 April 1964, 18-20 April 1957 (R. C. Bechtel, R. M. Bo-

hart, R. W. Bushing, J. C. Hall, H. R. Moffitt, P. M. Marsh, F. D. Parker,

E. I. Schlinger), UCD; 16,299, Barstow, 31 May 1941 (J. Wilcox), JW; 19,
Box Canyon, Riverside County, 26 April 1952 (P. D. Hurd), CIS; 1 6,

Colorado Desert, 1 March 1933 (R. M. and G. E. Bohart), UCD; 1$,
Cronise Valley, 29 April 1956 (J. Powell) Prosopis, CIS; 19, Daggett, 5an
Bernardino County, 3 June 1948, CIS; 10 5 c5 , 9 9 9, 10, 20 and 23 mi. E.
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of Desert Center, 27 March, 13 April 1941 (N. R. Anderson, J. C. Elmore,

Itol J., J. Jr., and J. Wilcox), JW, li, 19, 18 mi. E., 1 March 1933, 13

April 1949 (P. H. Timberlake), UCR; 2? ?, 4, 5 mi. E. of Edom, 19 April

1937 (P. H. Timberlake), UCR; 27 S S , 329 9, Hopkins Well, 14-16 April

1958, 27, 28 April 1949, 29 April 1952 (P. D. Hurd, J. E. Gillaspy, G. A.

Marsh, J. Powell, L. W. Quale, J. G. Rozen, R. F. Smith), CIS; 6 <5 <5 , 29 9 9

,

Indio, 16, 29 March, 20-30 April 1941, 5 April 1942 (N. R. Anderson, Itol

J., J. Jr., and J. Wilcox), JW; 1^,1 April 1948 (J. W. MacSwain), CIS;

2S S, 19, Kane Springs, Imperial County, 9, 12 April 1952 (E. G. and Joan

Linsley, J. W. MacSwain), CIS; 3 S S , Kramer, 22 May 1938 (A. F. How-

land), JW; 1 S, 11 9 9, La Quinta, 11 April 1948 (Guy F. Toland, J.

Wilcox), JW; 2 S S, Lone Pine, 7 May 1961, 1 June 1941 (R. M. Bohart),

UCD; 3SS, 19, 1 mi. N., 12 June 1964 (M. E. Irwin), UCR; 1 <5 , Manix,

25 April 1953 (P. H. Timberlake), UCR; 4^^,699, Mecca, 13 April 1941

(N. R. Anderson, Itol J., J. Jr., J. Wilcox), JW; 2 9 9, 10 mi. S., 4 April

1937 (P. H. Timberlake), UCR; 6 S S, 3 9 9, Needles, 3 April 1941 (E.

G. Linsley, J. W. MacSwain, G. E. Bohart), CAS; 2 c? c5 , 1 9 , 22 mi. S. of

Oasis, 30 March, 20 April 1941 (J. Jr., and J. Wilcox), JW; 2 <5 c?, 13 9 9.

4 mi. SE. of Ocotillo Wells (Dry Lake), 4 April 1942 (W. Schweikhard, J. Jr.,

and J. Wilcox), JW; 1 S, Palmdale, 3 May 1941 (J. Wilcox), JW; 23

5 S, 15 9 9, 3 mi. S. of Palo Verde, 8 April 1949, 9 April 1963, 30 April

1952 (P. D. Hurd, R. L. Langston, J. Powell, W. A. Steffan), CIS; 1 9, 5.1

mi. E. of Thousand Palms, 3 April 1955 (P. H. Timberlake), UCR; 2 S S,

Yermo, 28 April 1949 (E. G. Linsley, J. W. MacSwain, R. F. Smith), CIS;

3 $ S, 19 9 9, 31 May 1941 (Dan F. and Guy F. Toland, J. Jr., and J.

Wilcox), JW. Arizona: 1^,299, Ehrenberg, 14 April 1941 (J. Jr. and J.

Wilcox), JW; 3 9 9, Topoc, 13 April 1958 (J. W. MacSwain), CIS.

Efferia dubia (Williston).

Erax, n. sp. {dubius in key) Williston, 1885, Trans. Amer. Entomol. Soc, vol. 12, pp. 68, 64.

Type male, Washington Territory, UK. One specimen from Arizona.

Hine (1919) says the specimen from Washington is lost and the specimen

from Arizona is labeled "type" at the University of Kansas. He says several

specimens from Wyoming agree with the type specimen of E. dubius (from

Arizona) and he regards E. dubius as no more than a variety of E. stramineus

if not a synonym.

No specimens of E. staminea have been seen from either Washington or

Arizona. The only similar species from Arizona is E. rapax (Osten Sacken)

which could be a synonym of E. dubia if the specimen from Arizona was

considered to be the type. However, the Erax, n. sp. (p. 68) briefly described

by Williston was based on the Washington specimen and it is not certain



Vol. XXXIV] WILCOX: THE GEXUS EFFERIA IN XORTH AMERICA 203

that the name E. dubius in the key (p. 64) refers to this species. It would

seem best to consider ''dubia" as a nomen nudum.

Efferia ehrenbergi \\'ilcox, new species.

Male. Length 14 mm. Head black; face white, frons thinly and occiput

densely grayish white pollinose. Mystax white; hairs on frons mostly

black, a few white to sides of antennae; 4 black bristles on ocellar tubercle;

occipital bristles black; beard, hairs on proboscis and below on palpi white,

apically on palpi black. Face at antennae 25/37 width of one eye, vertex 20.

Antennae black, hairs white, segments measure 12-6-12-20.

Mesonotum black, thinly grayish pollinose, central stripe black. Hairs

black, anteriorly subequal in length to antennae 1; a few on humeri and

lateral margins white. Bristles black, 2 presutural, 2 supraalar, 3 postalar,

4-5 weak posterior and 2-3 anterior dorsocentral. Pleura and coxae thinly

grayish pollinose, hairs and bristles white, a few black hairs on mesopleura.

Scutellum gray pollinose, erect hairs white with several black and subequal

in length to antennae 1-2, 7 black marginal bristles.

Abdomen black, segments 1-2 and basal 1, 2 of 3 thinly grayish pollinose,

apex of 3 and 4-7 white pollinose. Hairs white, long parted on 3-7. Venter

grayish pollinose, thinly on 1-3, hairs long erect white. Eight black, hairs

white, longer on sternite. Terminalia brown, hairs white, black basally on

dorsum of surstyli; fringe black, at base subequal in length to antennae 1,

shorter apically.

Femora black, tibiae yellowish red, tips and the tarsi brown. Hairs

white, a few below at apex of femora black. Bristles on femora mostly black,

on tibiae and tarsi mostly white. Claws black, base reddish; empodia and

pulvilli brownish.

Halteres brownish, stem lighter. Wings hyaline, veins brown, anterior

crossvein at 31/50 length of discal cell, third vein branched at 15/19 distance

from anterior to discal crossvein; stump vein long, anterior branch of third

vein ends at tip of second vein.

Female. Length 16 mm. Mesonotum grayish brown pollinose. Seven

white and 2 black scutellar bristles. Abdomen grayish pollinose, dorsum

2-7 brownish pollinose, subshining black; hairs sparse white, longer on sides

and posterior margins of 1-6, 2-7 with short black hairs dorsally. Venter

grayish pollinose, hairs sparse erect white. Ovipositor black, basal 1/3

tapered, 4.3 mm. long, at middle 1/8 as wide as long. Anterior crossvein at

27/45 length of discal cell, third vein branched at 10/18 distance from anterior

to discal crossvein, anterior branch of third vein ends in second vein.

HoLOTYPE. ]Male, 35 mi. E. of Ehrenberg, Arizona, 14 April 1941 (J.

Wilcox, Jr.).

Allotype. Female, same data.



204 CALIFORNIA ACADEMY OF SCIEXCES [Proc. 4th Ser.

Paratypes. Arizona: 7 $S, 19 9 9, same data (N. R. Anderson, Itol

J., J., Jr. and J. Wilcox); 4 6 S, 6 $ 9, Ehrenberg, 8 April 1964, 10 April

1948, 14 April 1941 (N. R. Anderson, Itol J., J., Jr. and J. Wilcox); 1 (^ , 1 9,

Palm Canyon, Kofa Mountains, Yuma County, 8 April 1963 (D. E. Bright),

CIS; 1.5 (E. I. Schlinger), UCR; 3 9 9, 20 mi. S. of Quartzite, 9 April 1964

(M. W. Stone, J. Wilcox); 3 c? 5 , 2 9 9 , 50 mi. N. of Yuma, 17 April 1965

(M. A. Cazier), ASU. California: 2 9 9, 5 mi. N.E. of Ogilby, Imperial

County, 24 April 1955 (David Cox), ASU, appear to be this species but are

not made paratypes because of their rather poor condition.

Efferia inflata (Hine).

Erax inflatus Hine, 1911, Ohio Nat., vol. 11, p. 310. Types male and female, Los Angeles

County, California (F. Grinnell, Jr.), OSU.

Erax inflatus Hine, 1919, Ann. Entomol. Soc. .\mer., vol. 12, p. 146. Description of male

and female ; reports from Los Angeles, Kern, and San Bernardino counties, California,

Coquillett Collection.

Specimens are known from the following counties in California: Los

Angeles, Orange, Riverside, San Bernardino, and San Diego; April to July.

Found mostly at lower elevations but occurs up to 4000 feet in the San

Jacinto Mountains.

Male. Length 21 mm. Head black; white poUinose, frons grayish

brown. Mystax white with 2-3 black bristles below on the side; hairs on

frons black, white near antennae; 3 black bristles and several black hairs

on ocellar tubercle; 6-8 upper occipitals black; beard, hairs on proboscis and

palpi white, several black apically on palpi. Face at antennae 38/48 width

of one eye, vertex 30. Antennae black, hairs white, segments measure

15-8-18-25.

Mesonotum black; grayish pollinose, divided central stripe and inter-

mediate spots brown. Hairs black, anteriorly as long as antennae 2 and at

suture as long as antennae 1, humeri and margins white haired; bristles black,

no anterior dorsocentral. Scutellum grayish brown pollinose, hairs white

and as long as antennae 1-2, 7 slender black and 7 white marginal bristles.

Abdomen black, white pollinose; hairs white, parted on 2-5 but shorter on

4-5. Venter gray pollinose, hairs erect white on 1-4 with several black on

3-4, short white on 5-7. Eight black, hairs white. Terminalia black, in dorsal

view 2.5 mm. wide apically and half this wide at base; hairs white, a few

black on ventral margin of surstyli; fringe brown margined with white, at

base subequal in length to antennae 1-2, apically subequal to antennae 1.

Wings hyaline, veins brown, anterior crossvein at 36/61 length of discal

cell, third vein branched at 16/25 distance from anterior to discal crossvein,

stump vein as long as anterior crossvein.
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Female. Length 23 mm. Mystax with 3-4 black bristles on sides below

and 6 above. Four to 5 slender black anterior dorsocentral bristles. Scutellar

hairs white and subequal in length to antennae 1; 16 black and 4 yellowish

marginal bristles. Abdomen grayish white, a brownish basal spot at center of

2-5, dorsum 6-7 largely brown; hairs white, longer on sides of 1-3, a few

short black dorsally on 5-6 and many on 7. Venter gray pollinose, hairs

erect white, in part black on 3-4 and 6-7. Ovipositor black, 4.8 mm. long,

at middle 1/5 as wide as long, tergite 8 at base ventrally with a rounded

tubercle on each side. Anterior crossvein at 35/65 length of discal cell,

third vein branched at 16/30 distance from anterior to discal crossvein.

See note under E. neoinjlata.

Efferia interrupta (Macquart).

Asilus interruptus Macquart, 1834, Histoire naturelle des insectes.—Dipteres. Paris. Vol. 1,

p. 310. Type, Georgia, "location unknown," Martin (1965).

Erax interruptus, Hine, 1919, Ann. Entomol. Soc. Amer., vol. 12, p. 153. Description and

figure of male hypopygium; widely distributed in the South, reaching from coast to

coast, from the latitude of Kansas to Guatemala and even farther south.

Bromley (1934) records this species from ten counties in Texas, May 1-

Oct. 19.

James (1941) reports it from Colorado, July-August.

Fattig (1945) reports from many localities in Georgia, June-September.

Bromley (1950) reports from many localities in Florida, June-September.

Calls it "The Snorey Joe Fly or the Pathfinder Fly."

Martin (1965) lists E. perrumpeus (Walker), E. concolor (Walker), and

E. villosus (Bellardi) as synonyms.

Martin and Wilcox (1965) list E. lateralis (Macquart) and E. ambiguus

(Macquart) as synonyms.

Specimens are known from the following states: Alabama, Arizona,

Arkansas, California, Florida, Kansas, Nevada, New Mexico, South Carolina,

Tennessee, Texas, and Utah.

Male. Length 22 mm. Head reddish; face and occiput white, frons

yellowish pollinose. Mystax yellowish white, 2 black bristles below and 4

above; frontal hairs yellowish with 1-2 black; short black hairs on ocellar

tubercle; 4 upper occipitals black, remainder yellowish; beard and hairs on

proboscis white; palpi black haired with a few yellowish. Face at antennae

50/53 width of one eye, vertex 51. Antennal segments 1-2 reddish, 3 and

style black; hairs mostly yellowish below, black above; segments measure

19-9-27-33.

Mesonotum reddish, central stripe and intermediate spots brown; yellow-

ish gray pollinose, humeri and lateral margins white, broad divided central

stripe brown. Hairs short black; a few white anteriorly, on humeri and
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laterally behind suture. Bristles black, no anterior dorsocentral. Scutellum

white pollinose; hairs white with 3-4 black at middle, subequal in length

to antennae 1 ; 7 strong and 2 weaker black marginal bristles.

Abdomen black basally, apical segments brown to reddish; 1, sides

of 2-5 and interrupted posterior margins 2-3 gray pollinose; 6-7 white. Hairs

white, long on sides 1-3; dorsum 2-3, 4-5 largely and a few on 6, short black.

Venter 1-5 gray, 6-7 white; hairs erect white 1-3, short 4-7. Eight and 9

reddish, thinly pollinose; short white haired, 9 with tuft of long white hairs

at apex; sternite 8 short, 9 produced and 2 times as long as 8. Terminalia

reddish, hairs yellowish white; fringe yellowish white, sparse and subequal

in length to antennae 2.

Dorsum of femora reddish.

Wings hyaline, veins light brown, anterior crossvein at 45/80 length

of discal cell, third vein branched at 20/35 distance from anterior to discal

crossvein, stump as long as anterior crossvein.

Female. Length 25 mm. Hairs on head white or yellowish; 1 black

occipital and hairs on palpi largely black. Humeri mostly white haired.

Scutellar hairs very short, mostly white, a few black; 5 black and 2 yellowish

marginal bristles. Abdomen grayish pollinose; base and narrow dorsum

2-3, 4-5 broadly and 6-7 narrowly black; hairs short white, longer on sides

1-2; narrow dorsum 2-3 and 6-7, and 4-5 broadly short black haired. Venter

gray, hairs all short white. Ovipositor tubular; black, venter largely and

dorsum in part reddish; 3.3 mm. long, at middle 1/4 as wide as long.

Efferia knowltoni (Bromley).

Erax knowltoni Bromley, 1937, Utah Acad. Sci., Arts and Letters, vol. 14, p. 104, figure of

male genitalia. Type male and female, Trout Creek, Utah, 5-6, 1934 (C. F. Smith) USU
or USNM. Paratype, Milford, Utah, June, no. 254.

"Total length, 15-17 mm. A small species of the stramineus group having the furcation

of the third vein at the middle of the distance between the base of the second posterior cell

and the small cross-vein. The abdomen of the male has long silvery pile parted at the middle

and directed outward on segments 2 to 7. The mystax is wholly whitish and the bristles of

the legs are black. The hypopygium is not notched on the apical border. The species runs

to pallididus Hine in Hine's key, but is smaller and the genitalia differ.

"Male. Mystax, beard, antennal bristles and most of palpal hairs, whitish. Most of

occipital hairs white, but there are some black bristles in back of the upper border of the

eyes. The ocellars and most of the hairs on the vertex are black. Mesonotum brownish-gray

pollinose with the usual black markings; most of the hairs here black although there is a

small white tuft at the anterior dorsal angle and there are also white hairs above the bases

of the wings. The scutellum bears many yellowish-white bristles. Pleura gray pollinose

with white hairs. Coxae with white hairs and bristles. Legs black, except basal half of

tibiae which are pale reddish and the pulvilli which are pale brownish-yellow. Bristles of

legs black; fine pile white. Wings hyahne with black veins. Halteres pale yellowish-brown.

Abdomen black, tergites silvery, except anterior portions of first and second which are

grayish. Tergites 2-7 bear abundant fine pile, silvery-white, directed outward, leaving a
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part along the median dorsal line. First tergites with yellowish-white hairs and bristles.

Genitalia black with some black and some white hairs (Fig. 5).

"Female. Similar. Abdomen silvery pollinose with short, fine white pile. Ovipositor

shining black about as long as segments 4-7, together."

The figure does not show sternite 8 produced so it would not be close

to E. pallidula.

Several specimens from Nevada that are close to E. coquilletti (Hine)

fit the description fairly well but not well enough to say that they definitely

belong to this species.

Efferia mesquite (Bromley).

Erax mesquite Bromley, 1951, Amer. Mus. Novitates, no. 1532, p. 27. Type male, Starr

County, Texas, July 23, 1933 (S. W. Bromley); female. Donna, Texas, July 1935 (J.

W. Monk), AMNH. Paratypes, same data as for the female.

"Total length, 13 mm. A small fragile species of the stramineus group, having the

furcation of the third vein at the middle of the distance between the base of the second

posterior cell and the small cross vein; the abdomen with long white hair parted at the

middle and directed outward, the mystax white, and the legs red, with black tibiae. Related

to canus Hine but much smaller and slenderer, the hypopygium lacking the tuft of hair

below at apex, and to pilosus Hine, from which it differs in having the scutellum and

posterior portion of mesonotum with black bristles, not white, and the slender hypopygium,

as viewed from above, not swollen towards the tip.

"Male: Head black, grayish white pollinose. Mystax and beard white. Ocellars and

occipitals black; palpi black, white-haired. Antennae black, with white hairs and bristles.

Mesonotum pale brown pollinose, with darker indistinct markings; the hairs and bristles

black. Pleura gray poHinose, white-haired. Scutellum with black hairs and bristles. Wings

hyaline, iridescent. Halteres pale brown. Legs with white hairs and black bristles. Femora

black. Tibiae and tarsi red, with blackish tips. Abdomen black, white pollinose, with long,

white, outwardly directed hairs, parted along the middorsal line. Genitalia black, with black

and some pale hairs. Seen from above, narrower than sixth segment, sides parallel, not

swollen at tip; from side, general outline cylindrical. Seventh sternite with a httle tuft of

black hairs.

"Female: Similar, but with pollen of head and mesonotum with slightly more of a

yellow tinge, the hairs on disc of scutellum whitish. The abdomen gray-white pollinose, and

tergite with the large central anterior portion blackish. Ovipositor black, about the length

of the preceding five abdominal segments."

This species has not been seen by me.

Efferia monki (Bromley).

Erax monki Bromley, 1951, Amer. Mus. Novitates, no. 1532, p. 28.

Type male, Donna, Texas, October 1, 1933 (J. W. Monk); female same

data, September 30, 1933, AMNH. Paratypes, same data, September 24

to October 8, 1933.

"Total length, 18-21 mm. A brown species of the stramineus group,

having the furcation of the third vein distinctly beyond the middle of the
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distance between the base of the second posterior cell and the small cross

vein, the femora entirely black, the mystax sordid white, the scutellum with

black hair and bristles (in female, the hair and some of the bristles pale

yellowish). Related to nemoralis Hine, from which it can be distinguished

by its smaller size, more slender build; hyaline wings, the white hairs of

mystax, beard, coxae, and legs in the male not bright yellow as in nemoralis,

and the genitalia (from side view) more rounded at tip. In the female,

monki differs from nemoralis in having the hairs whiter, the bristles of

scutellum partly yellowish, the femora gray pollinose, and the abdomen gray

pollinose above, without the median dark markings of nemoralis.

"Male: Head black, pale gray-yellow pollinose. Beard, mystax, palpal hairs sordid

whitish. Occipital and ocellar bristles and bristles of vertex black. Thorax yellowish brown

pollinose, mesonotum with brown median and lateral vittae. Hairs and bristles of mesonotum

and scutellum black. Pleura brown pollinose, with pale hairs. Hypopleural bristles black.

Hairs of coxae and legs sordid white. Legs black ; external basal portion of tibiae red

;

bristles black. Wings hyaline, halteres brown. Abdomen black, posterior margin of segment

3 and all of segments 4, 5, 6, and 7 silvery pollinose, with long, white, outwardly projecting

hairs parted along median dorsal hne on all except seventh of those that are silvery pollinose.

The base of abdomen black haired above. The genitalia black, upper forceps enlarged as in

nemoralis but more rounded and truncate, when viewed from the side.

"Female: Thorax lighter colored, with more pale hairs. Scutellum with pale hairs on

disc and some pale marginal bristles. Abdomen gray pollinose, with very short, pale, scat-

tered hairs."

This species has not been seen by me.

Efferia nemoralis (Hine).

Erax nemoralis Hine, 1911, Ohio Nat., vol. 11, p. 311. Types male and female, New Roads,

Louisiana, July 15, 1905 (J. S. Hine), OSU.

Erax nemoralis Hine, 1919, Ann. Entomol. Soc. Amer., vol. 12, p. 147. Description and

figure of the male hypopygium ; reports other specimens from Texas and Falls Church,

Virginia.

Bromley (1931) reports this species from Ohio: Prairie, Higby, and

Ross counties, June 20, 1931 (E. S. Thomas, Charles F. Walker).

Bromley (1934) reports from following localities in Texas: Iowa Park,

May 30, 1932 (S. E. Jones); Madison County, June 21, 1931 (Bibby and

Tate); Stafford, May 3, 1929; says, "Quite common in the Trinity River

bottoms. An active species, flying with a shrill buzz."

Specimens are known from the following localities. Kansas: Baldwin,

4 July 1906 (J. C. Bridwell) ; Douglas County, 12 June 1923 (C. O. Bare);

Johnson County, 1931 (R. H. Beamer); Lyon County, 14, 15 June 1923

(C. O. Bare, W. J. Brown); Miami County, 1915 (R. H. Beamer); Osage

County, 14 June 1923 (W. J. Brown); Sedgwick County, 1,291 feet, 1916 (R.

H. Beamer). Oklahoma: Craig County, 18 June 1931 (Maxwell and Las-
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siter); McCurtain County, 9 June 1931 (C. C. Deonier). Texas: Corsicana,

16 May 1933; Greenville, 13 June 1935; Liberty, 10 June 1934; Madison,

23 June 1934 (H. J. Reinhard).

Male. Length 22 mm. Mystax yellowish; beard and hairs on proboscis

yellowish white; hairs on frons, hairs and bristles on ocellar tubercle, occipital

hairs and bristles largely, and hairs on palpi largely, black. Face at antennae

50/47 width of one eye, vertex 41. Antennae black, hairs above black, mostly

yellowish below; segments measure 19-10-21-33.

Mesonotum black, yellowish brown pollinose, central stripe and inter-

mediate spots brown. Hairs black, anteriorly subequal in length to antennae

1, a few yellowish laterally behind suture. Bristles black, 4-5 slender anterior

dorsocentral. Scutellum brownish pollinose, hairs black and as long as

antennae 1-2, 10 black marginal bristles.

Abdomen black, segment 1 gray, 2, 3, and 7 brown, 4-6 whitish pollinose.

Hairs black on 1-2 and dorsum of 3, white on 4-6 and apically on 3, long

parted apically on 3-4; yellowish on 7. Venter 1-3 yellowish brown pollinose,

4-7 white; hairs long yellowish on 1-3, long white on 4, short white on 5-7.

Eight brown, hairs short black and yellowish on tergite, long yellowish on

sternite. Terminalia black, hairs yellowish, black on dorsum of surstyli and

in part on sides and ventral margin; fringe brown, margined with yellow,

as long as antennae 1-2 basally, short at apex.

Wings slightly yellowish, veins light brown, anterior crossvein at 31/61

length of discal cell, third vein branched at 25/30 distance from anterior to

discal crossvein, stump as long as anterior crossvein.

Female. Length 29 mm. Anterior mesonotal hairs subequal in length

to antennae 2. Scutellar hairs mostly yellow, some black, subequal in length

to antennae 1; 7 black marginal bristles. Abdomen 1, sides and posterior

margins 2-5 gray, sides of 6 brownish, dorsum of 2-6 and 7 all brownish

appearing black; hairs yellow on sides, mostly short black on dorsum, longer

yellowish on 1 and 4-5 black lateral bristles. Venter grayish pollinose, 7

brown; hairs erect white, longer on basal segments. Ovipositor black, 5.9

mm. long, narrowest at middle, 1/10 as wide as long.

Females from Kansas and Oklahoma have the ovipositor 4.4 mm. long,

while those from Texas are 6.3 mm. long.

Efferia neoinflata Wilcox, new species.

Male. Length 19 mm. Head black, white pollinose, frons yellowish

brown. ]\Iystax white, about 16 oral and 10 bristles above black; frons black

haired; 2 bristles and 4-5 hairs on ocellar tubercle black; occipital bristles

mostly black; beard, hairs on proboscis and below on palpi white, black

apically on palpi. Face at antennae 45/52 width of one eye, vertex 32.

Antennae black, hairs white, segments measure 18-7-18-35.
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Mesonotum black, grayish pollinose, divided central stripe black, inter-

mediate spots brown. Hairs black, anteriorly subequal in length to antennae

1, a few white laterally behind suture. Bristles black, 2 presutural, 2-i

supraalar, 3-4 postalar, 5-6 posterior and 4-5 anterior weaker dorsocentral.

Pleura and coxae brownish pollinose, hairs on coxae and hypopleura white,

others mostly black. Scutellum brownish pollinose, hairs black with a few

white and subequal in length to antennae 1-2; 8 black marginal bristles.

Abdomen black, grayish white pollinose, dorsum 2-i broadly subshining

black, narrow dorsum 4-7 brownish. Hairs white, parted apically on 2 and

on 3, short parted on 4, very short on 5-7; dorsum of 2 broadly and 3 dorsally

with a few black; 1 white laterally and black dorsally, 3-4 black lateral

bristles. Venter grayish brown pollinose, 3-4 bare at middle; hairs long

erect on 1-3, largely black on 1-4 and largely white on 5-7, longer apically

on 7. Eight black, hairs white, a few short black on tergite and 5-6 long

black on sternite. Terminalia black, in dorsal view 2.i mm. wide apically,

base 5/8 as wide; hairs white, dorsum and ventral margin of surstyli with

black hairs; fringe brownish black margined with sparse white hairs, at base

1 1/2 times length of antennae 1-2, at apex subequal in length to antennae 1.

Legs black, basal half of tibiae yellowish red. Hairs white, black below

on femora and above on tips, dorsally and posteriorly on fore tibiae, a few

dorsally on fore and middle tarsi and hind tarsi largely black haired. Bristles

black, in part yellowish on fore and middle tarsi; claws black, base reddish;

empodia and pulvilli brownish.

Halteres brown, stem light brown. Wings lightly tinged with brown,

veins brown, anterior crossvein at 38/68 length of discal cell, third vein

branched at 19/30 distance from anterior to discal crossvein, stump as long

as anterior crossvein.

Female. Length 24 mm. Mystax with 3 black bristles on each side

below and 4 above; hairs on frons in part white; 4-6 occipital bristles black.

Humeral hairs largely white and all margins of mesonotum with white hairs.

Scutellar hairs white subequal in length to antennae 1 ; 11 black marginal

bristles. Abdomen grayish pollinose, dorsum 1-7 black with short black

hairs; short white otherwise, longer on sides of 1-2. Venter grayish pollinose,

hairs erect black and white, mostly white on 1-2. Ovipositor black with a

small swelling at base ventrally, 5.3 mm. long, at middle 1/6 as wide as

long. Hairs on legs mostly white, bristles all black. Anterior crossvein at

40/75 length of discal cell, third vein branched at 22/35 distance from

anterior to discal crossvein.

HoLOTYPE. Male, Yosemite Fork, Madera County, California, 8 June

1940 (B. Brookman, T. Aitken, M. Cazier), CAS.

Allotype. Female, North Fork, same data as above.
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Paratypes. California: 3 c$^, 3 ? ?, same data as holotype; 2S $ , 3$ 5,

same data as allotype: 2 i i, Bass Lake, Madera County, 13 May 1947 (H.

Welsh), CIS; 1 <5 , 6 June 1940 (E. C. Van Dyke), CAS; 1$, 12, 7 mi.

NW. of Big Pines, Los Angeles County, 2 June 1965 (J. Wilcox), JW^ 1 8,

Bluff Camp, San Rafael IVIountains, Santa Barbara County, 29 June 1959

(A. S. Menke), UCD; 1 c^ , 2 9 9, Hungry Valley, 5 mi. S. of Gorman,

Ventura County, 4, 5, 19 May 1959 (J. Powell, J. R. Powers, G. L Stage),

CIS; 15c^, 99, Figueroa Mountains, Santa Barbara County, 17-30 June,

1, 7 July 1965 (C. W. Kirkwood), JW; 1 c^ , 5 mi. N. of Kernville, Kern

County, 15 May 1963 (S. W. Earnshaw), CIS; 2 9 9, La Panza Camp,

12 mi. NE. of Pozo, San Luis Obispo County, 29 April 1962 (R. L. Langston,

J. Powell), CIS; 2 $$, Mariposa, 7 June 1940 (B. Brookman, M. Cazier,

T. Aitken), CAS; \i, Mill Potrero, Kern County, 8 July 1959 (W. A.

Steffan), CIS, 1 <5 , 6 July 1959 (A. S. Menke), UCD; i$$, 39 9, Moke-
lumne Hill, 6 June 1896 (F. E. Blaisdell), CAS; 1 9, Mormon Bar, Mariposa

County, 6 July 1940 (M. Cazier), AMNH; 1 9, North Fork, Madera County,

8 June 1940 (M. Cazier), AMNH; 1 9, 2.8 mi. N. of North Fork, Madera
County, 20 June 1963 (J. A. Chemsak), CIS; 19, Oakhurst, 26 May 1962

(E. G. Linsley), CIS; 1 6 , 1 9 , 3 mi. NE. of Pinnacles National Monument,

San Benito County, 27 April 1962, 6 May 1963 (P. D. Hurd, R. W. Thorp),

CIS; 2>i S, 19, Potwisha, Sequoia National Park, 2,000-5,000 feet, 17, 24, 26

May 1929 (E. C. Van Dyke), CAS, 1 <5 , 2 June 1964 (J. Wilcox), JW; 1 9,

San Joaquin Experimental Range, Madera County, 12 May 1946 (P. D.

Hurd), CIS; 2 i i, 8 9 9, 3.5 to 6 mi. NE. of Santa ^Margarita, San Luis

Obispo County, 2 to 5 May, 8, 9 June 1962 (P. D. Hurd, J. Powell, G. I.

Stage, C. A. Toschi), CIS; 1 <3 , 1 9 (P. H. Timberlake), UCR; 19, Shaver Lake,

6 June 1939 (M. Cazier), CAS; \i, Tejon Canyon, Kern County, 12 May
1927 (E. C. Van Dyke), CAS; 1 c^ , Usona, Mariposa County, 7 June 1940

(T. Aitken, M. Cazier, B. Brookman), CAS; 3 9 9, Wrightwood, San

Bernardino County, 30 June 1964 (M. W. Stone, Itol J. and J. Wilcox), JW,
25 5,2 9 9, 14 June 1959 (J. C. and E. M. Hall), UCD; 2 5 6, 49 9, Yosemite

Forks, Mariposa County, 8 June 1940 (M. Cazier), AMNH.
A few specimens of this species and inflata (Hine) have the mystax all

white and cannot be identified by the key. The males are easily recognized

by the broad surstyli in dorsal view and the females can be placed b}' the

swelling or tubercles at the base of tergite S. In £. injlata these swellings or

tubercles are well developed and usually extend well below sternite 8 but in

E. neoinjlata they are small and not always easily seen.

Efferia pallidula (Hine).

Erax pallidulus Hine, 1911, Ohio Nat., vol. 11, p. 309. Type male, .Albuquerque, New
Mexico (J. R. Watson), OSU.
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Erax palliditlus Hine, 1919, Ann. Entomol. Soc. Amer., vol. 12, p. 144. Description of male

and female, figure of male hypopygium, reports from Colorado.

James (1941) reports this species from Colorado: Las Animas, August

13, 1933 (Leonard Sweetman); La Veta, July 22, 1929 (Rodeck); Saguche,

July 20, 1929 (Rodeck); on Two Buttes, August 1, 1933 (Rodeck and James);

Two Buttes Reservoir, August 1, 1933 (Rodeck and James).

Specimens are known from the following localities. Kansas: Cheyenne

County, 1 July 1925 (H. J. Grady); Gove County, 2,813 feet (F. X. Williams);

Marion County, 2i June 1923 (W. J. Brown). New Mexico: Bernallilo

County, 27 June 1929 (R. H. Beamer); Carrizozo, 3 August 1923 (K. C.

Doering); Cowles, 18 July 1936 (J. D. Beamer); Roswell, 16 July 1936 (D.

R. Lindsay); Santa Rosa, 26 June 1932 (R. H. Beamer); Socorro, 2 July

1936 (D. R. Lindsay, M. B. Jackson).

Male. Length 21 mm. Head black, white poUinose, hairs and bristles

white, upper occipitals black. Face at antennae 41/47 width of one eye,

vertex ?)i. Antennae black, hairs white, segments measure 16-9-18-32.

Mesonotum black, grayish brown pollinose, broadly divided central stripe

and intermediate spots brown. Hairs black, anteriorly shorter than antennae

2, a few white on humeri and all margins, long white posteriorly. Bristles

mostly black, no anterior dorsocentral. Scutellum grayish white pollinose,

hairs white and as long as antennae 1-2, 12 white marginal bristles.

Abdomen black, grayish white pollinose; hairs white, long parted apically

on 2 and on 3, shorter on 4-5, very short on 6-7. Venter grayish white

pollinose, hairs white, long on 1-4, short on 5-7 except apically on 7. Eight

black, grayish pollinose, short hairs on tergite black and white; sternite pro-

duced and 1.3 times as long as sternite 7, hairs white basally, long black and

quite dense apically. Terminalia black, hairs black, white at tip of surstyli

and a few on sides; base of lower forceps white haired, fringe brown about

2/3 length of antennae 2.

Wings hyaline, veins brown, anterior crossvein at 36/70 length of discal

cell, third vein branched at 15/34 distance from anterior to discal crossvein,

stump 1/2 length of anterior crossvein.

Female. Length 21 mm. Hairs and bristles of head all white. Mesonotal

bristles white except 1 presutural on each side. White hairs on scutellum

subequal in length to antennae 2; 7 white marginal bristles. Abdomen white

pollinose, hairs short white, longer on sides of 1-2; 7 narrowly black dorsally

with a few short black hairs. Venter grayish white pollinose, hairs white,

sparse erect on 1-5, short on 6-7. Ovipositor black, 4.1 mm. long, at middle

1/6 as wide as long. Anterior crossvein at 40/72 length of discal cell, third

vein branched at 15/32 distance from anterior to discal crossvein, stump

1/2 length of anterior crossvein.
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Efferia parkeri Wilcox, new species.

Male. Length 16 mm. Head black; face white, frons yellowish gray,

occiput grayish pollinose. Mystax white with 2 black bristles below on each

side; hairs on frons black and white; 2 black bristles and several long black

and white hairs on ocellar tubercle; upper occipitals black; beard, hairs on

proboscis and below on palpi white, upper hairs on palpi black. Face at

antennae 31/39 width of one eye, vertex 25. Antennae black, hairs white,

segments measure 14-6-17-20.

Mesonotum black; brownish pollinose; humeri, lateral margins and suture

grayish; central stripe black, divided anteriorly. Hairs black, anteriorly

subequal in length to antennae 1 ; humeri and all margins white haired. Bristles

black, 2 presutural, 2 supraalar, 2 postalar and 2 long black hairs, 7 posterior

and 5 anterior dorsocentral. Pleura and coxae grayish pollinose, mesopleura

golden, hairs white. Scutellum brownish pollinose; hairs white, dense and

as long as antennae 1-2; 11 black marginal bristles and 3 long black hairs.

x'\bdomen black, segments 1-3 grayish and 4-7 white pollinose, dorsum

2-3 subshining black. Hairs white, long parted on 2-7 becoming shorter

apically; 6 whitish lateral bristles on 1. Venter grayish white pollinose,

hairs erect white becoming shorter apically. Eight hidden by 7. Terminalia

yellowish red, surstyli brown basally; hairs white; fringe white and subequal

in length to antennae 2.

Femora black, basal 4/5 of tibiae yellowish red, tips and the tarsi brown.

Hairs white; bristles on fore tibiae and hind femora mostly black; other-

wise mostly white. Claws black, base reddish; pulvilli and empodia light

brownish.

Halteres brown, stem light brown. Wings hyaline, veins light to dark

brown, anterior crossvein at 27/49 length of discal cell, third vein branched

at 12/22 distance from anterior to discal crossvein, stump vein minute, an-

terior branch of third vein ends in second vein.

Female. Length 13 mm. Hairs on frons mostly white and only 4-6

black occipital bristles. ]\Iore white hairs anteriorly on mesonotum behind

humeri and posteriorly in central row. Ten yellowish white scutellar bristles.

Abdomen grayish pollinose, the dorsum appearing black at some angles; hairs

white, longer on sides and posterior margins of 1-6. Venter grayish white

pollinose, hairs erect white becoming shorter apically. Ovipositor black,

2.9 mm. long, at middle 1/5 as wide as long. Leg bristles mostly white, a

row on fore tibiae and below on tarsi black. Anterior crossvein at 24/45

length of discal cell, third vein branched at 14/21 distance from anterior to

discal crossvein, stump vein 2/3 length of anterior crossvein.

HoLOTYPE. Male, 8 mi. N. of Tucson, Arizona, 20 April 1962 (J. Wil-

cox), CAS.
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Allotype. Female, same data, 17 April 1963 (Earl G. Davis).

Paratypes. Arizona: Sc^ (^, 9 9 5, same data, 10 March, 15-19 April 1963,

10-29 April 1964 (Earl G. Davis, J. Wilcox), JW; 19, Apache Junction, Pinal

County, 16 March 1962 (Larry Gardner), ASU, IS, 19, 13 April 1964

(J. Wilcox), JW; 1 i, 2 9 9, Casa Grande, 29 March 1956 (A. F. Rowland),

JW; 1 9, Florence, 13 April 1964 (J. Wilcox), JW; S, Gila Bend, 25 April

1935 (F. H. Parker), JW; 3 £ S , 4 9 9 , Granite Reef Dam, Maricopa County,

25 March, 3 May 1962, 17 April 1964 (J. M. Davidson, Tom Pollard, Jack

Strong), ASU; IS, 3 5?, Mineral Mountain, 18 mi. NE. of Florence, 26

April 1964 (Earl G. Davis), JW; 2 9 9, Phoenix, 15 April 1941 (J. Wilcox,

Jr.), JW; IS, Redrock, April (D. K. Duncan), JW; 2SS, 29 9, Sacaton,

25 March 1956 (A. F. Rowland), JW; 10 S S , 10 9 9, Tempe, April (D. K.

Duncan), JW; 2SS, Rillito, 20, 22 March 1934 (R. J. Basinger), CAS;

2 9 9, Sells, 26 April 1935 (F. R. Parker), JW; 2^^, 2 9 9, Tucson, 16

April 1941 (N. R. Anderson, J. Wilcox), JW; IS, 2.5 mi. E. of Verde

River Bridge, Righway 57, 27 March 1963 (M. A. Cazier, M. Mortenson),

ASU.

Named for Frank R. Parker, Globe, Arizona who has collected large

numbers of Arizona Asilidae.

Efferia pilosa (Rine).

The male of this species traces to the Staminea Group while the female

traces to the Pogonias Group. It has been included in the keys to both groups.

References, descriptions, figures, and records are given in the section on the

Pogonias Group.

Efferia plena (Rine).

Erax plenus Hine, 1916, Ohio Jour. Sci., vol. 17, p. 21. Types male and female, Douglas

County, Kansas, 900 feet (F. H. Snow), OSU. Also, Onaga, Kansas, August 20, 1901 and

Osborne County, Kansas, 1,557 feet, August 3, 1912 (F. X. Williams).

Erax plenus Hine, 1919, Ann. Entomol. Soc. Amer., vol. 12, p. 148. Description and figure

of the male hypopygium; other localities; Ardmore, Indian Territory (C. R. Jones);

Piano, Texas (Tucker); Waco, Texas (Belfrage), and other localities in Texas.

Bromley (1934) reports the following localities in Texas: Austin, May
(U.T.), May 30; Brady, July (R. H. Painter); Dallas, AMNR; Waco, July

24, 1932 (S. W. Bromley) ; he says, "This large robust species appears to

be rather uncommon. The only specimen I have seen was in a grassy area

along a roadway. June to August."

Specimens are known from the following localities in Texas: Frisco, 12

July 1935; McLellan, 14 June 1934 (T. McGregor), 16 June 1933 (F. F.

Bibby); Sabinal, 6 July 1934 (J. D. Beamer).
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Male. Length 29 mm. Head black, face and frons yellowish, occiput

white pollinose. Hairs and bristles yellowish; 2 on ocellar tubercle and some

hairs and occipital bristles, black. Face at antennae 60/62 width of one

eye, vertex 50. Antennae brown, hairs yellow, segments measure 22-10-25-46.

Mesonotum black, humeri and postalar calli reddish; brown pollinose.

Hairs black, anteriorly shorter than antennae 2, a few yellowish laterally

behind suture. Bristles black, no anterior dorsocentral. Scutellum brown,

hairs black subequal in length to antennae 1, 13 black marginal bristles.

Abdominal segments 1-3 brownish pollinose, 4-7 white; hairs white on

4-7, parted on 4; black on 1-3 with some longer yellowish laterally. \>nter

1-4 yellowish brown pollinose, 5-7 whitish, 5-6 bare brown at middle; hairs

erect white on 1-5, short on 6-7. Eight black, hairs yellowish, a few short

black on tergite. Terminalia black, lower forceps above reddish brown;

hairs yellowish, black dorsally on surstyli; fringe black, margined with yellow

hairs and subequal in length to antennae 2.

Wings hyaline, veins light brown, anterior crossvein at 38/75 length of

discal cell; third vein branched at 22/35 distance from anterior to discal

crossvein, stump vein about as long as anterior crossvein.

Female. Length 33 mm. Only upper occipital bristles black. Discal

hairs on scutellum yellowish and in length shorter than antennae 2 ; 7 black

marginal bristles. Abdomen yellowish pollinose, 7 brownish dorsally; hairs

short yellowish, longer on sides of 1. Venter yellowish pollinose and yellow-

ish haired, sparse long on 1-3. Ovipositor black, 5.6 mm. long, at middle

1/9 as wide as long.

Efferia prairiensis (Bromley).

Erax prairiensis Bromley, 1934, Ann. Entomol. Soc. .\mer., vol. 27, p. 95. Types male and

female, Prairie View, Texas, June 8, 1932 (S. W. Bromley), TAMU. Paratypes, same

data and June 18, 1933 (H. J. Reinhard, R. K. Fletcher).

Specimens are known from the following localities. Kansas: Cherokee

County, 888 feet, 1915 (R. H. Beamer); Osage County, 888 feet, 1915, 16 June

1933 (R. H. Beamer). Oklahoma: Quinton, 12 June 1934 (A. E. Pritchard)

;

Tuskahoma, 14 June 1934 (A. E. Pritchard). Texas: Paris, 18 June 1935;

Prairie View, 8, 18 June 1932 (S. W. Bromley, H. J. Reinhard).

Male. Length 20 mm. Head black; face and frons yellowish, occiput

grayish white pollinose. Hairs and bristles yellow; hairs on frons mostly,

7 bristles and several hairs on ocellar tubercle, and upper occipitals black.

Face at antennae 46/42 width of one eye, vertex 40. Antennae brown; hairs

yellowish, 1 black above on segment 1, and 2 on 2; segments measure

15-9-20-28.

Mesonotum black, yellowish pollinose, central stripe and intermediate

spots brown. Hairs black, anteriorly subequal in length to antennae 1, in
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part on humeri and on margins yellowish. Bristles mostly black, no anterior

dorsocentral. Scutellum yellowish pollinose, hairs yellowish and as long

as antennae 1-2, 5 black and 1 yellowish marginal bristles.

Abdomen black, segments 1 and sides of 2-6 yellowish pollinose, 7 white,

dorsum 2-6 brown. Hairs short yellowish, longer on sides of 1-3, white

on 7. Venter yellowish pollinose basally becoming white apically; hairs long

yellowish on 1-3, shorter erect white on 4-5, short white on 6-7. Eight brown,

hairs yellowish, a few black on tergite. Terminalia black, lower margin of

surstyli brown; hairs yellowish, black dorsally on surstyli and a few on

ventral margin; fringe black margined with yellow, subequal in length to

antennae 1 becoming shorter apically.

Wings hyaline, slightly reddish apically; veins light brown, anterior cross-

vein at 21/49 length of discal cell, third vein branched at 14/28 distance

from anterior to discal crossvein, stump vein subequal in length to anterior

crossvein.

Female. Length 23 mm. Anterior mesonotal hairs shorter than antennae

2. Discal hairs of scutellum mostly black and subequal in length to antennae

2, 3 black and 6 yellowish marginal bristles. Abdomen yellowish gray

pollinose, dorsum narrowly brownish; short hairs yellowish white, longer

on sides of 1, short black dorsally on 7. Venter grayish pollinose, hairs

white, longer on 1-3. Ovipositor black, 4.4 mm. long, at middle 1/6 as

wide as long. Anterior crossvein at 30/65 length of discal cell, third vein

branched at 20/35 distance from anterior to discal crossvein.

Efferia rapax (Osten Sacken).

Erax rapax Osten Sacken, 1887, Biologia Centrali-Amer. Insecta. Diptera, vol. 1, p. 201.

Types, male and female, northern Sonora, Mexico (Morrison), BMNH.
Erax rapax, Hine, 1911, Ohio Nat., vol. 11, p. 307. Description, reports from Colorado and

New Mexico.

Erax rapax, Hine, 1919, Ann. Entomol. Soc. Amer., vol. 12, p. 142. Description and figure

of male hypopygium ; says, "Common in southwestern United States and Mexico."

James (1941) reports this species from Colorado: Boulder; Left Hand

Canyon, near Jamestown; White Rocks, near Valmont; Owen's Lake, near

Valmont; Horsetooth Mountain, Larimer County; Virginia Dale; Masonville;

Home; Ft. Collins; Inspiration Point; Denver; La Porte; Custer County;

Saguache; Lonetree; Hesperus; Rockwood, La Plata County. Late June to

September. Says, "Replaces staminens at lower elevations in July and August.

Common in grassland, near foothills and mountains."

Specimens are known from the following localities. Arizona: Apache,

Cochise, Coconino, Gila, Navajo, Pima, Pinal, Santa Cruz, and Yavapai

counties; August and September. New Mexico: Grant and Valencia counties,

September.
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Male. Length 22 mm. Head black, face and frons yellowish; occiput

white poUinose. Hairs and bristles yellowish, beard lighter; hairs on frons

mostly, 2 bristles and hairs on ocellar tubercle, and upper occipitals, black.

Face at antennae 42/52 width of one eye, vertex 30. Antennae black, hairs

yellow, segments measure 15-9-22-32.

Mesonotum black, grayish brown pollinose, central stripe and intermediate

spots brown. Hairs black, anteriorly subequal in length to antennae 2, a

few yellowish laterally behind suture. Bristles black, 6-7 weak anterior

dorsocentral. Scutellum yellowish gray, hairs black and subequal in length

to antennae 1, 8 black marginal bristles and some longer black hairs.

Abdomen black, segment 1 and sides of 2 grayish, sides and posterior

margin of 3 and all of 4-7 white pollinose; dorsum of 2 and 3 basally black.

Hairs on 1-2 and base of 3 black or yellowish, 3 apically and 4-5 with white

parted hairs, short parted on 6 and very short on 7; 5 yellow lateral bristles

on 1. Venter yellowish gray pollinose basally becoming gray apically, hairs

yellowish, erect on 1-5, short on 6-7. Eight brown, hairs on sternite yellow,

on tergite yellow and black. Terminalia black, ventral apical margin of

surstyli brownish red; hairs yellowish, dorsum of surstyli with black hairs

and 6-8 long black hairs on ventral margin; fringe brown, margined with

yellow and a few longer black hairs, subequal in length to antennae 1.

Wings hyaline, veins brown, anterior crossvein at 35/68 length of discal

cell, third vein branched at 9 33 distance from anterior to discal crossvein,

stump 1/2 length of anterior crossvein.

Female. Length 22 mm. Hairs and bristles of head yellowish white

except 1 black on ocellar tubercle. Mesonotal bristles yellowish and humeri

and margins in part yellowish haired. Scutellar hairs yellowish and sub-

equal in length to antennae 2, 8 yellowish marginal bristles. Abdominal

segment 1 and broad sides of 2-7 grayish pollinose, dorsum of 2-7 yellowish;

hairs short yellowish, slightly longer on sides of 1-2. Venter yellowish gray

pollinose, hairs white, erect on 1-4. Ovipositor black, tapering from base

to middle, 4.4 mm. long, at middle 1/7 as wide as long.

Efferia staminea (Williston).

Erax stamineus Williston, 1885, Trans. Amer. Entomol. Soc, vol. 12, p. 68. Type male,

Montana (Professor Comstock), UK.
Erax stramineus, Heste, 1919, Ann. Entomol. Soc. Amer., vol. 12, p. 140. Description and

figures of wing and male hypopygium ; reports from Montana and Wyoming.

Erax tanneri Bromley, 1937, Utah Acad. Sci., Arts, and Letters, vol. 14, p. 105, figure of

male genitalia. New synonymy. Type male, Buena Vista, Colorado, 7,800 feet, August

1932 (C. Lynn Hayward), BYU.

James (1941) corrects Hine's spelling and reports this species from the

following localities in Colorado: Boulder; Owen's Lake, near Valmont; White
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Rocks, near Valmont; Ft. Collins; Horsetooth Mountain, Larimer County;

College Pasture, Ft. Collins; Inspiration Point, Denver; Home; Virginia

Dale; Evergreen; La Porte. He says, "Common in grassland near foothills.

June to August at lower, August to September at higher elevations.''

Specimens are known from the following localities. Colorado: Boulder

and 6 mi. N., 20, 29 June, 20 July 1933 (H. and M. T. James); Jimtown,

7 August 1932 (M. T. James); Manitou, 19 June 1926 (E. C. Van Dyke);

White Rocks, Valmont, 2, 4 July 1933 (M. and H. James). Montana:

Bridger Mountains, 5,500 feet, 10 August 1915; Gallatin County, 27 June 1928,

16, 30 July 1924, E-28, 831; Meagher County, 22 August 1917.

Male. Length 18 mm. Head black, face and frons yellowish white,

occiput grayish poUinose. Hairs and bristles yellowish; shorter hairs on

sides of frons, the 2 weaker bristles on the ocellar tubercle, and the upper

occipitals black. Face at antennae 36/42 width of one eye, vertex 29.

Antennae black, hairs yellow, segments measure 15-8-19-25.

Mesonotum black, yellowish brown pollinose, divided central stripe and

intermediate spots brown. Hairs black, anteriorly subequal in length to

antennae 1 and at suture subequal to antennae 1-2, a few yellowish laterally

behind suture. Bristles black, no anterior dorsocentral. Scutellum yellowish

gray pollinose, hairs black and subequal in length to antennae 1, 6 black

and 4 yellowish marginal bristles.

Abdomen black, segments 1-2 gray laterally and brown dorsally, 3-7

white; hairs on 1-2 yellowish with a few black, 2 apically and 3-6 with long

white parted hair becoming shorter apically, 7 short white haired. Venter

brownish pollinose basally becoming gray apically, hairs white, erect on 1-4.

Eight brown, hairs yellowish. Terminalia black; hairs yellowish, black

dorsally on surstyli and about 12 black on ventral margin; fringe brown

margined with sparse yellow hairs, at base dense and subequal in length to

antennae 1-2, apically subequal in length to antennae 2.

Wings hyaline, veins light brown, anterior crossvein at 26/54 length of

discal cell, third vein branched at 10/28 distance from anterior to discal cross-

vein, stump subequal in length to anterior crossvein.

Female. Length 21 mm. Hairs and bristles of head all yellowish, beard

white. Mesonotal bristles yellowish white. Scutellar hairs white, a few

black, subequal in length to antennae 2; 10 yellowish white marginal bristles.

Abdomen grayish pollinose, dorsum 2-7 brownish; hairs short white, longer

on sides 1-2. Venter yellowish gray pollinose, hairs erect white becoming

shorter apically. Ovipositor black, tapering on basal 1/3, 4.7 mm. long, at

middle 1/8 as wide as long. Anterior crossvein at 31/62 length of discal

cell, third vein branched at 15/31 distance from anterior to discal crossvein,

stump longer than anterior crossvein.
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Efferia texana (Banks).

Erax lexanus Banks (in Hine), 1919, Ann. Entomol. Soc. Amer., vol. 12, p. 151, figure of

male hypopyg;ium. Type male, Texas (Lafr.), MCZ.

Bromley (1934) reports from the following counties in Texas: Bexar,

Brooks, Dimmit, Eastland, Frio, Hidalgo, Jim Hogg, Kendall, Kimble,

La Salle, Pecos, Starr, Uvalde, and Webb; July 18-August 18.

Specimens are known from the following localities. Arizona: 2 mi. NE.

of Portal, 23 August 1960 (M. A. Cazier). Oklahoma: Murray County, 22

August 1933 (A. E. Pritchard); Wichita National Forest, 27 June 1936 (M.

B. Jackson). Texas: Bosque County, 18 June 1933 (F. F. Bibby) ; Concan,

6 July 1936 (J. D. Beamer) ; Dimmit County, 26 June 1933 (S. E. Jones);

Gatesville, 16 August 1935; George West, 4 July 1936 (M. B. Jackson);

Hebbronville, 18 August 1932 (S. E. McGregor); Johnson County, 1 July

1934; Pearsall, 13 August 1932, 14 August 1933 (S. E. McGregor); Sabinal,

6 July 1936 (J. D. Beamer); Taylor, 19 September 1935; Uvalde, 6, 11

August 1933, 14 September 1932 (S. E. McGregor); Weslaco, 25 June 1933

(S. W. Bromley).

Male. Length 22 mm. Head black; face yellowish white, frons yellowish,

occiput grayish white pollinose. Bristles of mystax yellowish, hairs white;

frons black haired with a few white to sides of antennae; 2 black bristles and

several black hairs on ocellar tubercle; upper occipitals black, yellow below;

beard, hairs on proboscis and a few on palpi white, palpi largely black haired

with several strong yellowish apically. Face at antennae 50/55 width of one

eye, vertex 42. Antennae black; hairs white, mostly black above on 1;

segments measure 18-10-19-33.

Mesonotum black, humeri and postalar calli reddish; brown pollinose,

divided central stripe and intermediate spots darker, a touch of gray inside

humeri and laterally behind suture. Hairs black, anteriorly shorter than

antennae 2, a few white laterally behind suture. Bristles black, no anterior

dorsocentral. Scutellum brown pollinose, hairs black and subequal in length

to antennae 1 ; 8 black marginal bristles.

Abdomen black, grayish white pollinose, dorsum 2-5 broadly subshining

brownish black. Hairs short white, parted apically on 2 and on 3, long on

sides of 1; short black dorsally on 1-6. Venter grayish pollinose, hairs erect

white becoming shorter apically. Eight black, hairs white, sternite produced

and 2 times length of sternite 7, apically with a few black hairs. Terminalia

black, hairs black, yellowish at apex of surstyli and on sides and basally on

lower forceps; fringe brown and subequal in length to antennae 2.

Wings hyaline, veins brown, anterior crossvein at 50/86 length of discal

cell, third vein branched at 14/36 distance from anterior to discal crossvein,

stump as long as anterior crossvein.
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Female. Length 28 mm. Hairs on antennae white. Scutellar hairs

mostly white, partly black; 8 black marginal bristles. Abdomen grayish

white pollinose, dorsum 2-7 subshining brown; hairs white, longer on sides

of 1-2, dorsum 1-7 with short black hairs, 6-7 largely. Venter grayish

pollinose, 1-5 erect white haired, 6-7 mostly short black haired. Ovipositor

black, 5.9 mm. long, at middle 1/8 as wide as long. Anterior crossvein at

43/83 length of discal cell, third vein branched at 16/40 distance from

anterior to discal crossvein.

Efferia truncata (Hine).

Erax truncatus Hine, 1911, Ohio Nat., vol. 11, p. 309. Types male and female, Huachuca

Mountains, Arizona, July 28, 1907, OSU.

Erax truncatus Hine, 1919, Ann. Entomol. Soc. Amer., vol. 12, p. 143. Description and

figure of male hypopygium.

Specimens from the following localities. Arizona: Baboquivari Mountains

(F. H. Snow); Canyon Lake, 21 August 1933 (F. H. Parker); Gila Valley,

Graham County, August (D. K. Duncan); Globe, September (D. K. Duncan);

Mt. Graham, July (D. K. Duncan); Pepper Sauce Canyon, Oracle, 14 August

1948 (J. Wilcox); Pinal Mountains, 4 August 1933 (F. H. Parker); San

Carlos Lake, September (D. K. Duncan); Santa Rita Mountains, June

(D. K. Duncan); Willcox, 20 June 1932 (D. K. Duncan). Colorado: Mesa

Verde, 6,599 feet, 22 July 1937 (G. P. Engelhardt).

Male. Length 21 mm. Head black, white pollinose, frons yellowish.

Mystax white, bristles yellowish; frons white and black haired; 2 black

and 2 white bristles on ocellar tubercle; upper 6-8 occipital bristles black,

others yellowish; beard, hairs on proboscis and below on palpi white, above

on palpi black. Face at antennae 39/44 width of one eye, vertex 2)i.

Antennae black, hairs white, segments measure 15-8-17-30.

Mesonotum black, humeri and postalar calli reddish; grayish golden

pollinose, divided central stripe and intermediate spots brown. Hairs black,

anteriorly shorter than antennae 2, a few white on humeri and lateral margins.

Bristles black, no anterior dorsocentral. Scutellum brownish pollinose, hairs

mostly black and subequal in length to antennae 1 ; 6 black marginal bristles.

Abdomen black, white pollinose, hairs white, parted on 2-4, short on

5-7, a few black on 1. Venter gray, hairs white, long erect on 1-4. Eight

brown, grayish pollinose, hairs white. Terminalia reddish brown; hairs

white, black dorsally on surstyli and a few laterally; fringe brown to yellow-

ish, sparse and subequal in length to antennae 2.

Wings hyaline, veins brown, anterior crossvein at 45/76 length of discal

cell, third vein branched at 14/31 distance from anterior to discal crossvein,

stump as long as anterior crossvein.

Female. Length 26 mm. Palpi white haired. Scutellar hairs white and

subequal in length to antennae 2; 6 black marginal bristles. Abdomen gray
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pollinose, dorsum 6-7 brownish; hairs short white, longer on sides 1-2, dorsum

6-7 short black. Venter gray pollinose, hairs white, long erect on 1-4.

Ovipositor brownish black with a wedge shaped projection at base of sternite

8, 6.9 mm. long, at middle 1/8 as wide as long.

Efferia varipes (Williston).

Erax varipes Williston, 1885, Trans. Amer. Entomol. See, vol. 12, p. 71. Type male,

Arizona (Prof. Comstock), Western Kansas (Guild), UK.

Erax varipes Hine, 1919, .\nn. Entomol. Soc. Amer., vol. 12, p. 152. Description male and

female, figure male hypopygium.

James (1941) records from Colorado: Las Animas, June 21, 1931 (Leonard

Sweetman); Burlington, July 27, 1933 (Rodeck and James); Crystal Springs

Country Club, Flagler, July 25, 1933 (Rodeck and James); Manitou, August

6, 1905; Boulder, July 17, 1934 (Ed. C. Smith).

Specimens from the following localities. Arizona: Chiricahua Mountains,

August (D. K. Duncan); Showlow, 16 July 1932 (D. K. Duncan); Sierra

Ancha Mountains, July (D. K. Duncan); Sonoita, 30 June 1949 (J. Wilcox);

Willcox, 27 June 1949 (J. Wilcox). Colorado: Las Animas, 21 June, 12, 13

July 1931. New Mexico: 25 mi. N. of Las Vegas, 6,650 feet, 28 June 1931 (H.

A. Scullen); 15 mi. E. of Santa Fe, 7,100 feet, 27 June 1931 (H. A. Scullen);

Silver City, 24 June, 14 July 1933, 1 July 1932, 6 July 1934 (R. T. Kellogg),

22 July 1936 (J. D. Beamer, M. B. Jackson); Torrance County, July 1925

(C. H. Martin).

Male. Length 24 mm. Head black (face reddish laterally), whitish

pollinose, hairs and bristles all white. Face at antennae 46/48 width of one

eye, vertex 38. Antennae black, segment 2 reddish, hairs white, segments

measure 18-9-18-37.

Mesonotum black, humeri and postalar calli reddish; yellowish gray

pollinose, divided central stripe and intermediate spots brown. Hairs black,

anteriorly shorter than antennae 2, humeri and broad margins short yellowish

haired. Bristles yellowish, 2 weak black anterior dorsocentral. Ground color

of pleura and coxae largely red, yellowish white pollinose, hairs and bristles

white. Scutellum black, yellowish gray pollinose, hairs white and a little longer

than antennae 2; 12 whitish marginal bristles and several long hairs.

Abdomen white pollinose, dorsum 1-6 brown; hairs white, long on the

sides and apically on 1-3 but coarse and sparse. Venter brown basally,

reddish apically; white pollinose with narrow bare streak at middle of 2-6;

hairs short white. Eight reddish, grayish pollinose, hairs yellowish, several

black on tergite. Terminalia yellowish red; hairs yellowish white, black

dorsally on surstyli; fringe black to brown and margined with whitish hairs

basally, subequal in length to antennae 1-2, shorter at apex.
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Wings hyaline, veins reddish brown, anterior crossvein at 38/78 length

of discal cell, third vein branched at 16/40 distance from anterior to discal

crossvein, stump a little shorter than anterior crossvein.

Female. Length 24 mm. Mesonotal bristles all white. Scutellar hairs

all white and shorter than antennae 2. Abdomen grayish pollinose, dorsum

2-7 brownish; hairs short white, slightly longer on 1 and on sides of 2-3,

several black at apex of 7 dorsally. Venter grayish white pollinose, narrowly

brown at middle of 2-7; hairs short white. Ovipositor black, dark reddish

basally, 4.7 mm. long, at middle 1/4 as wide as long.

Efferia wilcoxi (Bromley).

Erax wilcoxi Bromley, 1940, Bull. Brooklyn Entomol. Soc, vol. 35, p. 16. Figure of male

genitalia. Type male, Uvalde, Texas, June 15, 1930 (J. O. Martin), CAS.

Specimens from the following localities. Arizona: Cochise County, 5 mi.

S. of Junction of Highways 181 and 186, 29 May 1961 (M. A. Cazier, M. A.

Mortenson, M. Statham); 2 mi. NE. of Portal, 29, 30 May 1962 (M. A.

Cazier, J. Wilcox). New Mexico: 2 mi. N. of Rodeo, Hidalgo County, 17

June 1955 (M. Statham); Silver City, 17 June 1933 (R. T. Kellogg).

Female. Length 12 mm. Head black, white pollinose, hairs and bristles

white. Face at antennae 22/29 width of one eye, vertex 18. Antennae black,

hairs white, segments measure 8-4-10-17.

Mesonotum black, yellowish white pollinose, central stripe and intermediate

spots brown. Hairs black, anteriorly subequal in length to antennae 1, humeri

and broad margins white haired. Bristles white, 3 weak anterior dorsocentral.

Pleura and coxae grayish white pollinose, hairs and bristles white. Scutellum

grayish white pollinose, hairs white and subequal in length to antennae 1,

6 white marginal bristles and several longer hairs.

Abdomen grayish pollinose, dorsum 2-7 brownish; hairs short white,

longer on sides 1-2. Venter grayish pollinose, hairs short white, longer on

1-2. Ovipositor brown, reddish basally, 2.1 mm. long, at middle 1/4 as

wide as long.

Femora black, tibiae and tarsi reddish. Hairs white; a few above at apex

of fore femora, below on hind tibiae and above on hind tarsi, black. Bristles

white, black at tips of tibiae and in part on tarsi especially the hind ones.

Claws black, base reddish; pulvilli yellowish; empodia white.

Halteres yellowish, stem white, base brown. Wings hyaline, veins brown,

anterior crossvein at 17/35 length of discal cell, third vein branched at

16/18 distance from anterior to discal crossvein, stump minute, anterior

branch of third vein ends in the second vein.

Male. Length 10 mm. Hairs on palpi largely black. Dorsocentral bristles

black. Abdomen grayish white pollinose, dorsum 2-6 brown; hairs short

white, longer on sides of 1-2. Venter grayish pollinose, hairs white, long on
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1-3. Terminalia yellowish red; hairs white, dorsum of surstyli and sides

sparsely black haired; fringe white, sparse, as long as antennae 1. Anterior

crossvein at 17/32 length of discal cell, third vein branched opposite discal

crossvein, anterior branch of third vein ends in costa in some specimens,

no stump vein.

Efferia yermo Wilcox, new species.

Male. Length 16 mm. Head black, whitish pollinose, somewhat thin

on frons. Hairs and bristles white; 2 bristles and 4-5 hairs on ocellar tubercle,

black, 1 bristle and 6-7 hairs white; 7-8 black occipital bristles. Face at

antennae 32/40 width of one eye, vertex 29. Antennae black, hairs white,

segments measure 10-6-11-26.

Mesonotum black, gray pollinose, broadly divided central stripe and

intermediate spots indistinctly black. Hairs black, anteriorly subequal in

length of antennae 1 ; in part on humeri and all margins white. Bristles white,

2 presutural, 2 supraalar, 2 postalar, 5-6 weaker dorsocentral. Pleura and

coxae thinly grayish pollinose, hairs and bristles white. Scutellum gray

pollinose, hairs erect white and as long as antennae 1-3; 12 slender white

marginal bristles.

Abdomen black; white pollinose, thin on 2; hairs white, parted on 2-7.

Venter gray pollinose; hairs white, long erect on 1-2. Eight black, gray

pollinose, hairs white. Terminalia black; hairs white, a few black above

basally on surstyli; surstyli in dorsal view apically 1 1/3 times as wide as

at base, in lateral view widened apically and the apical margin concave; fringe

white, basally subequal in length to antennae 1-2, apically subequal to

antennae 1.

Legs black, basal 1/2 of tibiae reddish. Hairs and bristles white, a few

short black below on tarsi. Claws black, base reddish; pulvilli and empodia

light brown.

Halteres dark brown. Wings hyaline, veins brown, anterior crossvein at

30/52 length of discal cell, third vein branched at 18/22 distance from anterior

to discal crossvein, stump vein subequal in length to anterior crossvein,

anterior branch of third vein ends at junction of costa and second vein.

Female. Length 20 mm. Hairs and bristles of head all white. Abdomen
black; grayish white pollinose, dorsum of 7 shining black; hairs white, long

on 1-3, more or less parted on 2-3; short black dorsally on 7. Venter gray

pollinose; hairs white, erect on 1-3. Ovipositor black, 5.4 mm. long, at middle

1/10 as wide as long, narrow on apical 2/3. Tibiae and tarsi reddish.

HoLOTYPE. ]Male, Yermo, San Bernardino County, California, 28 April

1949 (E. G. Linsley, J. W. MacSwain, R. F. Smith), CIS.

Allotype. Female, same data.

Paratypes. California: 3 $ 9 , 5 mi. N. of Baker, San Bernardino County,

29 March 1953 (J. W. MacSwain), CIS; 2 ? 5, Cronise, 29 April 1953 (P.'h.
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Timberlake), UCR; 1 9, Ludlow, San Bernardino County, 11 April 1952

(E. E. Gilbert), CIS; 19, Mojave, 12 May 1940, JW.

Efferia yuma Wilcox, new species.

Male. Length 15 mm. Head black, white pollinose, on frons rather

thin. Hairs white; 1 bristle on ocellar tubercle and 5 hairs brown. Face at

antennae 30/48 width of one eye, vertex 25. Antennae black, hairs white,

segments measure 14-6-12-22.

Mesonotum black, grayish pollinose, divided central stripe and inter-

mediate spots brown. Hairs on central stripe black and subequal in length

to antennae 2, on intermediate spots black; otherwise white. Bristles white,

2 presutural, 2 supraalar, 3 postalar, 5 weaker posterior and 4-5 black anterior

dorsocentral. Pleura and coxae thinly grayish pollinose, hairs and bristles

white. Scutellum gray pollinose, hairs white as long as antennae 1-3; 12

white marginal bristles.

Abdomen black, grayish white pollinose; hairs white, long parted on 2-7.

Venter grayish white pollinose, hairs erect white on 1-5, semierect on 6-7. Eight

brown, hairs white. Terminalia brown, surstyli reddish ventrally; hairs white;

fringe sparse white, basally subequal to antennae 1 and apically to antennae 2.

Femora black, tibiae and tarsi yellowish red, tips of tibiae brown. Hairs

and bristles white, a few short black below on tarsi. Claws black, base reddish;

empodia light brown; pulvilli yellowish.

Halteres brown, stem light brown. Wings hyaline, veins brown, anterior

crossvein at 30/50 length of discal cell, third vein branched at 17/20 distance

from anterior to discal crossvein, stump vein 2/3 length of anterior crossvein,

anterior branch of the third vein ends in the second vein.

Female. Length 16 mm. Two bristles on ocellar tubercle white, 2 long

and 3 shorter hairs black; 1-3 black occipitals. Anterior intermediate

mesonotal spots white haired and 2-4 of anterior dorsocentral bristles white.

Abdomen grayish white pollinose, narrow dorsum 6-7 shining black; hairs

white, long on sides and posterior margins, more or less parted on 2-4. Venter

grayish white pollinose, hairs erect white but shorter on apical segments.

Ovipositor brownish black, 3.1 mm. long, at middle 1/5 as wide as long.

Anterior crossvein at 29/48 length of discal cell, third vein branched at 12/19

distance from anterior to discal crossvein, stump subequal in length of anterior

crossvein, anterior branch of third vein ends at junction of costa and second

vein.

HoLOTYPE. Male, 16 mi. E. of Yuma, Arizona, 17 April 1941 (Itol, and

J. Wilcox).

Allotype. Female, same data (J. Wilcox).

Paratypes. Arizona: 10 c^ c5 , 5099, same data and 8, 9 April 1964

(N. R. Anderson, Itol J., J. Jr. and J. Wilcox), JW; 8 S 6, 29 9 9 , Aztec,
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14 April 1964, 16 April 1941, 30 April 1962 (N. R. Anderson, Itol J., J. Jr.,

and J. Wilcox), JW. California: 1 S
, 1 9

, Kane Springs and 5 mi. N., Imperial

County, 9, 12 April 1952 (E. G. Linsley, J. W. MacSwain), CIS; 16,299,
Glamis, Imperial County, 8 April 1964 (R. M. Bohart), UCD; 17 6 6, 25 9 9,

21, 22 mi. S. of Oasis, 30 March, 20 April 1941 (N. R. Anderson, Itol J.,

J. Jr. and J. Wilcox), JW; 2 S S , Yuhu Plain, Imperial County, 17 April 1941

(J. Jr. and J. Wilcox), JW.

TUBERCULATA GrOUP

Hine (1919) says, "The males of this group are at once known by the

presence of a tooth-like prominence on the venter of each of abdominal seg-

ments four, five and six, and costa entirely normal. Branching of the third

vein distinctly beyond the base of the second posterior cell. The species are

slender and of rather small size."

The tubercles on the venter of the abdomen are usually blunt on segments

4 and 5 and pointed on 6; E. tubercidata (Coquillett) has the tubercles

pointed on all three segments. The females have no distinct characters which

will separate them from the females of the smaller species in the Albibarbis

Group. ]\Iost of the specimens in the Albibarbis Group have short, sparse,

strong bristles in the upper part of the mystax which are never found in

the females of the Tuberculata Group but are not always found in the

Albibarbis Group. The females of E. wilcoxi (Bromley) in the Staminea

Group can also be confused with females of this group, as the furcation of

the third vein is opposite the end of the discal cell (base of the second posterior

cell). The wings of most males and some females have the costa slightly

dilated and the subcostal cell is tinged light brown opposite the discal cell.

Key to the Species of the Tuberculata Group—Males

1. Abdominal sternite 8 produced and as long or longer than sternite 7; tubercles all

acute at apex; length 14-21 mm. (Arizona, New Mexico, Oklahoma, Texas)

E. tuberculata (Coquillett)

Sternite 8 shorter than 7 ; tubercles on sternites 4-5 obtuse or divided apically 2

2. Terminalia and tubercles black 3

Terminalia and tubercles reddish 4

3. Mystax with many black bristles; 8 black scutellar bristles; abdominal segment 3

with a brush of black bristles apically on both the tergite and sternite; length 16-

24 mm. (California) E. setigera, new species

Mystax white; 4 white scutellar bristles; no black bristles on the abdomen; length

15-17 mm. (Arizona, California) E. producta (Hine)

4. Palpi black haired; lower forceps about half the length of the surstyli, ventral fringe

short and of uniform width; length 11-15 mm. (Arizona, Cahfornia, New Mexico) .„.

_ E. tucsoni, new species

Palpi white haired; lower forceps about 3/4 length of surstyli, ventral fringe broad

basally and narrowing to apex; length 12-15 mm. (Arizona, New Mexico) '..

E. spiniventris (Hine)
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196. TUCSOMl 197. TUCSONl

Figures 188-197. Tubcrculata Group, lateral view of the male terniinalia and ab-

dominal segments 3-7 (3 in part) and ovipositor of the Efferia species.

188. E. setigera, new species, male abdomen and terminalia.

189. E. tuberculata (Coquillett), ovipositor.

190. E. tuberculata (Coquillett), male abdomen and terminalia.

191. E. setigera, new species, ovipositor.

192. E. prodiicta (Hine), ovipositor.

193. E. producta (Hine), male abdomen and terminalia.

194. E. spiniventris (Hine), male abdomen and terminalia.

195. E. spiniventris (Hine), ovipositor.

196. E. tucsoni, new species, male abdomen and terminalia.

197. E. tucsoni, new species, ovipositor.

Key to the Species of the Tuberculata Group—Females

1. Hairs on the palpi usually all white; ovipositor short and broad, 2.8 mm. long, at

middle 1/4 as long as broad E. spiniventris

Hairs on the palpi largely black; ovipositor longer and narrower ._. 2

2. Mystax with many black bristles above; 2 black scutellar bristles; ovipositor 4.1 mm.

long, at middle 1/7 as wide as long — - E. setigera

Mystax white, sometimes a few black bristles above, or below laterally; scutellar

bristles white 3
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3. Anterior mesonotal hairs subequal in length to antennal segment 1, 2-4 black anterior

dorsocentral bristles; ovipositor 3.0-3.9 mm. long, at middle 1/6 as wide as long

E. producta

Anterior mesonotal hairs subequal in length to antennal segment 2 ; no black anterior

dorsocentral bristles 4

4. Ovipositor reddish basally, constricted at basal 1/3; no black hairs on venter of

abdomen; ovipositor 3.6 mm. long, at middle 1/7 as wide as long E. tucsoni

Ovipositor black, not constricted basally but frequently twisted, 3.8 to 4.7 mm. long,

at middle 18 as wide as long; sternite 7 apically with black hairs E. tuberculata

Efferia producta (Hine).

Erax proditctus Hine, 1919, Ann. Entomol. Soc. Amer., vol. 12, p. 136. Types male and

female, Flinn Springs, Lakeside, California, August 9, 1917 (E. G. Holt), OSU. Other

specimens from Spring Valley and Poway, August 10 and 14 (E. G. Holt).

The above localities are all in San Diego County, California.

Specimens from the following localities. Arizona: Globe, September

(D. K. Duncan); Kingman, 2,450 feet, 22 June 1931 (Don Prentiss); Oracle

Junction, 14 August 1948 (J. Wilcox); Pinal Mountains, July (D. K. Duncan),

base of, 4,000 feet, August (D. K. Duncan); Roosevelt Lake, 21 August 1933

(F. H. Parker) 51; Sabino Canyon, 12 July 1932 (R. H. Beamer); San

Xavier Mission, June (D. K. Duncan); Santa Catalina Mountains, 30 June

1933 (Owen Bryant) 276; Sedona, 2 July 1949 (J. Wilcox); 14 mi. NE. of

Sells, 16 July 1962 (J. Wilcox): Tucson, 1 August 1937 (Owen Bryant).

California: 13 mi. W. of Barstow, 21 June 1942 (Guy F. Toland, J. Wilcox);

Cathedral City, 3 July 1951 (J. W. MacSwain, R. F. Smith); Deep Canyon,

7 July 1964 (E. I. Schlinger); 3 mi. S. of Kramer Junction, 8 June 1961

(R. M. Bohart), IS mi. E., 6 July 1951 (J. W. MacSwain, R. F. Smith);

Mojave, 8 June 1946 (W. F. Barr); Pinyon Flat, 24 May 1939 (E. G.

Linsley); Sentence Canyon, 15 June 1954 (J. Powell); Yermo, 31 May 1941

(J. Wilcox).

Male. Length 15 mm. Head white pollinose; hairs white, 10 below on

either side of mystax, 2 on ocellar tubercle and on palpi mostly, black. Face

at antennae 27/39 width of one eye, vertex 20. Antennae black, gray pollinose,

hairs white, segments measure 10-5-11-22.

Anterior mesonotal hairs subequal in length to antennal segment 1, 2-3

black anterior dorsocentral bristles. Scutellum gray pollinose, 4 white marginal

bristles, discal hairs white and longer than antennal segments 1-2.

Abdomen black, grayish white pollinose, hairs white, longer on sides of

segments 1-3. Venter gray pollinose, brown spot on 4-6; hairs white, long

erect on 1-3; tubercles black, blunt on 4-5 and shorter than antennal segment

1, pointed on 6 and slightly longer than antennae 1. Terminalia brownish

black, hairs white; fringe white, longer than antennal segments 1-2.

Wings hyaline, veins brown, anterior crossvein at 31/44 length of discal
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cell, stump 1/3 length of anterior crossvein, costa slightly dilated, subcostal

cell light brown.

Female. Length 17 mm. Abdomen gray pollinose, dorsum of segments

2-6 brown, 7 black; hairs white, longer on 1-2, dorsum 6-7 black haired; venter

gray pollinose, 4-5 narrowly bare at middle, 6-7 largely bare, hairs erect white

on 1-7; ovipositor black, 3.9 mm. long, at middle 1/6 as wide as long.

See note under E. setigera.

Efferia setigera Wilcox, new species.

Male. Length 24 mm. Head black, whitish pollinose, gibbosity and

frons subshining. Mystax black and white, about 30 slender black bristles

above; face at antennae 36/50 width of one eye, vertex 25; hairs on frons

half black and white; 2 black bristles and 6 long black hairs on ocellar

tubercle; 4-5 upper occipital bristles and most of hairs on palpi black; beard

and hairs on proboscis and upper occiput white. Antennae black, whitish

pollinose, hairs white, 1 black hair below on segment 1, segments measure

14-7-15-30.

Mesonotum black, gray pollinose, broad central stripe black and divided

anteriorly, intermediate spots subshining black. Anterior hairs black, quite

dense and as long as antennal segment 1, hairs on humeri and margins white.

Bristles black, 2 presutural, 1-2 supraalar, 2 postalar, 7 posterior and 3-4

weaker anterior dorsocentral. Pleura and coxae grayish pollinose, hairs white,

a few on sterno- and mesopleura and hypopleurals black. Scutellum grayish

pollinose, hairs white and as long as antennal segments 1-2, 8 black marginal

bristles.

Abdomen grayish white pollinose, dorsum 2-5 brown, 6-7 narrowly and

indistinctly brown on dorsum. Hairs white, longer on sides of 1-3, a few

black hairs dorsally on 2-7; 2 black lateral bristles on 1 and a clump of about

8 black bristles on posterior corner of 3. Venter gray pollinose, hairs white,

long on 1-3 and apically on 7, 3 at the sides apically with a cluster of about

15 black bristles. Tubercles black, on 4-5 obtuse and subequal in length

to antennal segment 2, acute on 6 and as long as antennae 1. Segment 8

thinly pollinose with white hairs. Terminalia black; hairs white, on surstyli

dorsally and ventral margin apically black; fringe white basally and 2/3

as long as antennae 1, becoming brownish and shorter apically.

Legs black, basal 3/4 of tibiae yellowish red. Hairs white, at apex dorsally

on femora and dorsally on tibiae black, all black on tarsi. Bristles black;

claws black, base reddish; empodia and pulvilli brownish.

Halteres brown, stem lighter. Wings hyaline, veins brown, anterior cross-

vein at 39/60 length of discal cell, stump vein 1/3 length of anterior crossvein,

costa slightly dilated, subcostal cell light brown.



Vol. XXXIV] WILCOX: THE GEXUS EFFERIA IN NORTH AMERICA 229

Female. Length 16 mm. About 18 black bristles above in mystax,

hairs on frons white except for 1 black hair, 2 bristles on ocellar tubercle

black, hairs white. Central hairs on mesonotum white anteriorly, 5-6 slender

black anterior dorsocentral bristles. Hypopleurals white, 1-2 black. Two
black and 2 white scutellar bristles. Abdomen gray pollinose, dorsum 2-7

light brown; hairs white, longer on 1-2, a few black dorsally on 2-6 and

many on 7. Venter gray pollinose, hairs white, erect on 1-5. Ovdpositor

black, 4.1 mm. long, 1/7 as wide as long at the middle. Anterior crossvein

at 30/45 length of discal cell, stump vein 1/2 length of anterior crossvein,

costa not dilated, subcostal cell light brown.

HoLOTYPE. Male, Camp Baldy, Los Angeles County, California, 14 July

1950 (J. W. MacSwain), CIS.

Allotype. Female, 2 mi. N. of Warners Spring, San Diego County,

California, 8 July 1956 (B. M. Bartosh), UCD.
Paratypes. California: 1 S, Mission Gorge, San Diego County, 7 July

1962 (J. Powell), CIS; 1 9, Altadena, 16 August 1914 (F. R. Cole), CIS;

1 S, Pine Valley, San Diego County, 12 July 1953 (W. J. and J. W. Gertsch),

AMNH; 1 9, Pinyon Flat, 23 August 1965 (J. Wilcox), JW; 1 2, Riverside,

10 August 1957 (E. I. Schlinger), UCD, 19, 9 September 1963 (M. E. Irwin),

UCR; 1 9, Sentence Canyon, San Diego County, 15 June 1954 (J. Powell),

CIS.

The females placed here are uncertain; they all have a number of black

bristles in the mystax and two or more scutellar bristles are black, however

the anterior mesonotal and scutellar hairs vary from nearly all white to

nearly all black. Another species could be involved. Females of E. producta

(Hine) usually have the mystax and scutellar bristles all white, the anterior

mesonotal hairs black and the scutellar hairs white; however, several speci-

mens have from 3 to 8 black bristles in the mystax and one specimen from

Arizona has many black bristles in the mystax and the two scutellar bristles

are black. Final placement of these females will have to wait until more

material, especially pairs, is collected.

Efferia spiniventris (Hine).

Erax spiniventris Hine, 1919, Ann. Entomol. Soc. Amer., vol. 12, p. 135. Type male, Santa

Rita Mountains, Arizona, 5,000-8,000 feet, July (F. H. Snow), OSU.

Specimens from the following localities. Arizona: Baboquivari Mountains

(F. H. Snow); 5 mi. S. of Carrizo, U. S. Highway 60, 12 August 1948 (J.

Wilcox); Cerro Colorado Mountains, 24 June 1964 (Earl G. Davis); Cochise,

24 August 1935 (E. I. Beamer); Portal, 2i, 24 July 1963 (M. A. Cazier, Art

Raske, J. Wilcox); base Santa Rita Mountains, 4,000 feet, 22 June 1932 (D. K.

Duncan). New Mexico: Silver City, 16 June 1934 (R. T. Kellogg).
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Male. Length 11 mm. Head black, whitish pollinose, hairs and bristles

all white; face at antennae 23/31 width of one eye, vertex 18. Antennae black,

whitish pollinose, hairs white, segments measure 9-5-9-21.

Anterior mesonotal hairs black, subequal in length to antennae 2, many

white hairs on margins and humeri, no anterior dorsocentrals. Scutellum gray

pollinose, 2 white marginal bristles, sparse white discal hairs subequal in

length to antennae 1.

Abdomen black basally, reddish apically, grayish white pollinose, dorsum

of 4-6 and 7 narrowly brownish pollinose; hairs white, longer on sides 1-5.

Venter grayish white pollinose, narrow center of 3-7 bare, hairs white, long

erect on 1 and base of 2; tubercles reddish, blunt on 4-5 and subequal in

length to antennae 1, acute on 6 and 2 times as long as antennae 1. Sternite

8 with long white hairs apically. Terminalia reddish, hairs white with a few

black on dorsum of surstyli basally; fringe white, at base 2 times as long

as antennae 1 becoming subequal in length to antennae 1 at apex.

Wings hyaline, veins light brown, anterior crossvein at 22/37 length of

discal cell, stump vein minute, costa slightly dilated, subcostal cell light brown.

Female. Length 14 mm. Abdomen grayish white pollinose, dorsum 2-6

brownish pollinose, 7 bare black dorsally; hairs white short except on 1, a

few black dorsally on 6-7. Venter grayish white pollinose, 3-6 narrowly at

middle and 7 broadly bare, hairs short white except on 1 and base of 2.

Ovipositor black, 2.8 mm. long, at middle 1/4 as wide as long.

Efferia tuberculata (Coquillett).

Erax tubei'culatus Coquillett, 1904, Jour. New York Entomol. Soc, vol. 12, p. 34. Type

male, San Diego, Texas, April 30 (E. A. Schwarz), USNM.
Erax tubercidatus Hine, 1919, Ann. Entomol. Soc. Amer., vol. 12, p. 135. Description; re-

ports from Davis Mountains, Texas (F. M. Gaige) and West Fork, Texas (J. E. Scherer),

June.

Bromley (1934) reports from Texas: Bexar, Brewster, Brooks, Brown,

Cameron, Dimmit, Hidalgo, Kleberg, Pecos, Starr, Tom Green, Travis, Webb,

and Wilson counties, June 22-September 13.

Specimens are known from the following localities. Arizona: Douglas,

29 June 1962 (M. A. Cazier); Guadalupe Canyon, 27 mi. E. Douglas, 27

July 1963 (M. A. Cazier); 2 mi. NE. of Portal, 11 July 1962 (J. Wilcox).

New Mexico: Alamogordo, 14 July 1936 (M. B. Jackson). Oklahoma:

Cimarron County, 27 June, 3, 19 July 1933 (A. E. Pritchard); Texas County,

19 July 1933 (A. E. Pritchard). Texas: Breroster County, 24 June 1929;

Hebbronville, 19 August 1933; Hidalgo County, 9 August 1933 (S. W.

Bromley), 14 August 1928 (L. D. Beamer); Lake Kemp, 29 June 1936 (M.

B. Jackon); Pearsall, 13 August 1932 (S. E. McGregor), 14 August 1933;

Uvalde, 6 August 1933.
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Male. Length 14 mm. Head white pollinose, hairs and bristles white,

8 below on either side of mystax and hairs on palpi mostly black. Face at

antennae 29/38 width of one eye, vertex 20. Antennae black, hairs white,

segments measure 10-5-10-26.

Black anterior mesonotal hairs subequal in length to antennae 2, hairs

white on humeri and margins; bristles mostly white, 1 white anterior dorso-

central. Scutellum grayish pollinose, 2 white marginal bristles, sparse erect

white hairs subequal in length to antennae 1.

Abdomen grayish pollinose, dorsum of segments 2-6 brown pollinose broadly

subshining; hairs white, longer on sides of 1-3. Venter gray pollinose, bare at

middle of 3-6, hairs white, long on 1-3; tubercles black, pointed, subequal

in length to antennae 1. Segment 8 shining black, hairs white, sternite pro-

duced and longer than 7 with an apical tuft of long white hairs. Terminalia

black, hairs on sides and dorsum of surstyli black, otherwise white: fringe

white, basally as long as antennae 1 becoming shorter apically.

Wings hyaline, veins brown, anterior crossvein at 33/47 length of discal

cell, stump vein 1/4 length of anterior crossvein, costa slightly dilated, sub-

costal cell light brown.

Female. Length 16 mm. Abdomen grayish pollinose, dorsum 2-6 brownish

pollinose, 7 shining black except at sides basally; hairs white, longer on 1-2,

a few short black hairs dorsally on 2-5, 6 with many and 7 all black haired.

Venter gray pollinose, narrow center of 3-6 and 7 largely bare; hairs white,

long erect on 1-3, 7 apically with black hairs. Ovipositor black, ?>.'& mm.
long, at middle 1/8 as wide as long.

Described from Oklahoma specimens. Specimens from Texas and Arizona

may have a number of black bristles above in the mystax and the bristles

on the ocellar tubercle black. One female from Texas measures 21 mm. in

length, ovipositor 4.7 mm. long, at middle 1/8 as wide as long.

Efferia tucsoni Wilcox, new species.

]\Iale. Length 13 mm. Head black, white pollinose, hairs and bristles

white, on palpi largely black. Face at antennae 26/41 width of one eye,

vertex 18. Antennae black, grayish pollinose, hairs white, segments measure

10-5-11-25.

Mesonotum black, grayish pollinose, central stripe brown and indistinctly

divided, intermediate spots indistinctly brown. Anterior hairs black, anteriorly

as long as antennae 2 becoming as long as antennae 1 at suture; humeri and

margins white haired. Two black presutural bristles, 1 white and 1 black

supraalar, 2 white postalar, 1 black and 2 weaker white posterior dorsocentral.

Pleura and coxae grayish white pollinose, hairs and bristles white. Scutellum

grayish white pollinose, hairs white as long as antennae 1, 4 white marginal

bristles.
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Abdomen black, grayish white pollinose, dorsum 2-6 brown and 7 narrowly

at middle. Hairs white, longer on sides of 1-3; 4-5 white lateral bristles on

1. Venter grayish white pollinose, bare at middle of 6-7, hairs white, long

erect on 1-2; tubercles on 4-5 blunt and shorter than antennae 1, on 6 acute

reddish brown and subequal in length to antennae 1. Segment 8 grayish

pollinose, hairs white, almost completely covered by 7. Terminalia reddish

brown; hairs white, dorsum of surstyli basally with black hairs; fringe on

lower forceps white, about as long as antennae 1.

Legs black, tibiae except tips yellowish red. Hairs white, dorsally on

fore femora and tibiae and on all tarsi, black. Bristles black and white, on

tarsi mostly black; claws black, base reddish; empodia and pulvilli light

brown.

Knob of halteres yellowish, stem whitish, base brown. Wings hyaline,

veins brown, anterior crossvein at 33/52 length of discal cell, stump vein

1/2 length of anterior crossvein, costa slightly dilated, subcostal cell light

brown.

Female. Length 15 mm. About 4 hairs and bristles on each side below

in mystax black. Black anterior mesonotal hairs subequal in length to

antennae 2. Abdominal segments 1-6 and 7 laterally, gray pollinose, 7 mostly

shining reddish brown; hairs short white, longer on 1-2, short black dorsally

on 6-7. Venter grayish pollinose, 6 narrowly at middle and 7 largely bare,

hairs short white, erect on 1 and basally on 2. Ovipositor black, basal 1/6

reddish, 3.6 mm. long, at middle 1/7 as wide as long, narrowed at basal 1/3.

HoLOTYPE. Male, Portal, Arizona, 2i July 1963 (M. A. Cazier), CAS.

Allotype. Female, same data, 24 July 1963 (J. Wilcox).

Paratypes. Arizona: \ $, 4 9$, Alamo Canyon, Ajo Mountains, 24

July (H. B. Leech, J. W. Green), CAS; 1 $, Baboquivari Mountains (F. H.

Snow), JW; 1 $ , Baboquivari Canyon, W. side Baboquivari Mountains, Pima

County, 25-27 July 1952 (H. B. Leech, J. W. Green), CAS; 1 i, Benson,

June (D. K. Duncan), 15,2 June 1933 (Owen Bryant), JW; 1 i, Bisbee,

10 June 1933 (R. H. Beamer), JW; \$, Canyon Lake, 21 August 1933

(F. H. Parker) 48, JW; 1 ?, Congress Junction, 28 July 1933 (J. D. Beamer),

JW; 2$$, 1?, Portal, 12 June 1964 (Jean Puckle, M. A. Mortenson, M.

Cazier), ASU, 1 <5 , 3 $ 5 , 23, 24 July 1963 (M. A. Cazier, J. Wilcox), ASU,

JW, 19, 14 June 1959 (L. A. Stange), UCD, 3 pairs, 1 <5 , 49 9 , 1 mi. W., 12, 13,

14 July 1964 (Jean Puckle, M. A. Mortenson, M. Cazier), ASU, IS, 39 9, 2

mi. NE., 10, 11 July 1962 (J. Wilcox), JW, 1 pair, 26 June 1964 (Jean

Puckle, M. A. Mortenson, M. Cazier), ASU; 1 $, Santa Catalina Mountains,

20 June 1933 (Owen Bryant) 276, CAS, 3 5 ci , 30 June 1933 (Owen Bryant),

JW; 1 9, Sierra Ancha Mountains, June (D. K. Duncan), JW; 7 <5 6
,
Tucson,

20 June, 15 July, 1 August 1937, 8 July 1939 (Owen Bryant), 19,9 August

1928 (A. A. Nichol) at lights, 1 9, 8 mi. N., 21 July 1962 (Earl G. Davis),
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JW; 1 S, Wittman, 2 July 1937 (C. C. Deonier), JW. California: 2 S$,

Antelope Springs, Inyo County, 17 July 1953, 24 August 1960 (E. Jessen, J. W.
MacSwain), CIS; 1 ?, 25 mi. S. Ivanpah, San Bernardino County, 13 October

1958 (J. A. Chemsak) Chrysothamnus, CIS. New Mexico: 16,6 mi. W.
of Animas, 27 July 1963 (J. Wilcox), JW; 1 i, Luna County, 14 July 1934

(R. T. Kellogg), JW; 1 5 , Red Rock, 24 July 1932 (R. T. Kellogg).
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Index to Groups and Species of Efferia

(Synonyms in Italics)

Aestuans Group, 88, 89, 94
aestuans (Linnaeus), 86, 89, 94, 95, 97, 98,

113

affinis (Bellardi), 86, 94

Albibarbis Group, 88, 89, 104, 105, 107, 152,

225

albibarbis (Macquart), 86, 89, 107, 108
ambiguus (Macquart), 205

anacapai (Wilcox and Martin), 85, 121, 125,

126

Anomala Group, 87, 88, 120, 121, 123, 163

anomala (Bellardi), 85, 86, 121, 125, 126,

138

antiochi, new species, 123, 125, 126
apache, new species, 139, 141

apicalis (Wiedemann), 95, 98
argentifrons (Hine), 89, 177, 181, 183, 185
argyrosoma (Hine), 89, 177, 181, 183, 186
Arida Group, 87, 93, 138, 139, 150

arida (Williston), 139, 141, 143

armata (Hine), 105, 108, 109, 113

aurimystacea (Hine), 95, 99
auripila (Hine), 178, 180, 182, 187
azteci, new species, 88, 121, 125, 128

Barbatus Group, 104

barbata (authors not Fabricius), 86, 108,

121, 164, 175

basini, new species, 89, 178, 182, 185, 190
basingeri, new species, 139, 141, 144, 150

bastardi (Macquart), 97

beameri, new species, 94, 95, 100

belfragei (Hine), 94, 95, 101

benedicti (Bromley), 85, 89, 178, 181, 185,

191

bexarensis (Bromley), 85, 177, 179, 182, 192

bicaudata (Hine), 90, 121, 163, 164, 165,

171, 172, 175

bicolor (Bellardi), 105, 108, 111, 113

bryanti, new species, 88, 123, 125, 129, 164,

165

cabeza, new species, 164, 165, 168
caliente, new species, 152, 153

californica (Schaeffer), 89, 178, 181, 183,

193

cana (Hine), 178, 180, 183, 196, 207

Candida Coquillett, 123, 125, 130, 138

canella (Bromley), 85, 89, 177, 179, 181, 182,

185, 197

Carinata Group, 88, 105, 151, 152, 153, 163

Caudata Group, 163, 164

cinerescens (Bellardi), 108

dementi (Wilcox and Martin), 85, 178, 179,

182, 198
completa (Macquart), 86, 88, 121, 123, 125,

131, 163, 164, 165

concolor (Walker), 205

coquilletti (Hine), 88, 177, 178, 180, 183,

198, 207

costalis (Williston), 153, 157
coulei, new species, 139, 141, 146
cressoni (Hine), 151, 152, 153, 157
cuervana (Hardy), 85, 139, 147

davisi, new species, 123, 125, 132

deserti, new species, 88, 178, 181, 183, 199
dubia (Williston), 85, 86, 202, 203

duncani, new species, 107, 108, 112
ehrenbergi, new species, 88, 178, 180, 183,

203
femorata (Macquart), 94, 95, 97, 102

frewingi, new species, 164, 165, 169

furax (Williston), 108

gila, new species, 123, 126, 133
grandis (Hine). 107, 108, 113

halli, new species, 123, 125, 134
harveyi (Hine), 139, 141, 147

helenae (Bromley), 85, 164, 165, 170, 172,

176

incisuralis (Macquart), 97

Inflata Group, 177

inflata (Hine), 178, 182, 204, 211

interrupta (Macquart), 89, 178, 179, 182,

205
jubata (Williston), 152, 153, 158, 160

kansensis (Hine), 95, 102

kelloggi, new species, 164, 165, 172

knowltoni (Bromley), 85, 178, 181, 183, 206
lateralis (Macquart), 205

latruncula (Williston), 89, 151, 152, 153, 159

leucocoma (Williston), 105, 108, 114

luna, new species, 121, 126, 136

macrolabis (Wiedemann), 85, 86

mesquite (Bromley), 85, 178, 180, 183, 207
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mexicana (Hine), 85, 86, 94, 97

monki (Bromley), 85, 178, 180, 183, 207,

208

mortensoiii, new species, 164, 165, 173

nemoralis (Hine), 178, 179, 182, 208
neoinflata, new species, 178, 179, 182, 209,

211

niger (Wiedemann), 97

ordwayae, new species, 151, 152, 153, 159
pallidula (Hine), 89, 121, 177, 181, 185, 206,

207,211

parkeri, new species, 88, 178, 180, 183, 213
peralta, new species, 107, 108, 115, 119

pernicis Coquillett, 88, 123, 125, 137
perrumpeus (Walker), 205

pilosa (Hine), 88, 163, 164, 165, 174, 178,

181, 183, 207, 214

pinali, new species, 139, 147
plena ^Hine), 178, 179, 182, 214
Pogonias Group, 87, 88, 89, 90, 138, 150,

163, 214

pogonias (Wiedemann), 86, 131, 132, 163,

164, 165, 171, 175
prairiensis (Bromley), 85, 178, 180, 182, 215
prattii (Hine), 139, 141, 147, 149
producta (Hine), 225, 227, 229

prolifica (Osten Sacken), 86, 152, 153, 160,

161

pumilis (Walker), 108

rapax (Osten Sacken), 178, 179, 182, 202,

216
rava (Coquillett), 131

Rufibarbis Group, 163, 171

rufibarbis (Macquart), 86, 131, 163, 164,

175

Salomon (Macquart), 85

setigera, new species, 225, 226, 228

similis (Williston), 86, 105, 108, 116
sinensis (Macquart), 85

slossonae (Hine), 94, 103

snowi (Hine), 138, 141, 149

spiniventris (Hine), 225, 226, 229
Staminea Group, 87, 88, 89, 177, 179, 214,

225

staminea (Williston), 86, 178, 179, 182, 216,

217
Stramineus Group 202, 206, 207, 217

subarida (Bromley), 85, 139, 141, 147, 149

subcuprea (Schaeffer), 153, 157, 161

subpilosa (Schaeffer), 139, 150

tabescens (Banks), 95, 103

tagax (Williston), 105, 108, 116, 117

tanneri (Bromley), 85, 86, 217

texana (Banks), 89, 178, 181, 183, 219
tibialis (Macquart), 97

tolandi, new species, 139, 141, 150

tricella (Bromley), 85, 121, 125, 137

tricolor (Bellardi), 108

truncata (Hine), 178, 180, 183, 220
Tuberculata Group, 88, 89, 225, 226

tuberculata (Coquillett), 89, 225, 227, 230
tucsoni, new species, 225, 227, 231

utahensis (Bromley), 85, 164, 165, 176

varipes (Williston), 178, 179, 182, 221

vertebrata (Bromley), 85, 107, 108, 118, 119

vicinus (Macquart), 98

villosus (Bellardi), 205

Wilcoxi Group, 177

wilcoxi (Bromley), 85, 88, 178, 180, 183,

222, 225

willistoni (Hine), 105, 152, 153, 162

yernio, new species, 88, 178, 181, 183, 223

yuma, new species, 88, 178, 181, 183, 224
zonata (Hine), 108, 119
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The following paper contains descriptions of fifty-nine species and five

subspecies of flies belonging to the families Anthomyiidae and Muscidae.

Nearly all are recorded as occurring in California, including a few from nearby

states and provinces. \'arious species and subspecies are proposed as new to

science, and are the outcome of a more extensive study of the fauna of

California as restricted to these two families.

It is expected eventually to include these species and subspecies in a

comprehensive survey of the known forms found in the state. In that report

keys to genera, subgenera, and species will be included, which it is hoped

may aid in the recognition or identification of the taxa herewith recorded.

I wish to acknowledge my indebtedness to the following institutions and

individuals that have generously afforded me the opportunity to study their

collections. Their respective abbreviation symbols follow the names. California

Academy of Sciences (CAS), University of California at Berkeley (UCB),

University of California at Davis (UCD), University of California at Los

Angeles (UCLA), California Department of Agriculture (CDA), Cornell

University (CL^), L^niversity of Kansas (UK), LTnited States National Museum

(USNM), Canadian National Collection (CNC), Dr. P. H. x^rnaud, Jr.,

(PHA). Those labeled "PHA" are now deposited at the California Academy

of Sciences. Specimens retained in my collection are noted as HCH.

Hylemya (Delia) concorda Huckett, new species.

(Fijiures 1, 9. and 17.)

]\Iale. In habitus resembling H. neomexicana Malloch, differing essentially

in the longer aristal pubescence, the longer hairs usually being nearly equal

in length to the width of the third antennal segment, and bv the absence or

Mailing address: Box 38, R.F.D.. Riverhead, N.V. IIQOI.
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presence of a series of weaker, finer posteroventral bristles on the hind femur.

In addition the fore tibia has a longer, slightly curving, apical posteroventral

bristle, the mid metatarsus may or may not have a dorsal fringe of longish

setulae, the hind tibia has fewer (2 to 5 ) anteroventral bristles and only a few

sparse posteroventral setulae. The processes of sternum 5 of the abdomen have

a series of spinular setae along the distal half of the inner margin (fig. 17),

and the anal segment is knobby in form.

There is, as in kindred species, considerable variation in coloration of

specimens; the parafacials and cheeks may be reddish to blackish, the

mesonotum and scutellum pale gray or densely browned as in the holotype,

and with a trace of three stripes on the mesonotum, the abdomen with pale-

gray pruinescence or a dingy yellowish gray. The femora are mainly black

except at the ape.x; the tibiae are fulvous, with or without infuscation. The

short prealar bristle may be present or absent.

Female. Closely resembles that of H. neomexicana, differing chiefly in

having much longer aristal hairs. The thorax and abdomen are dull gray, the

latter striped lightly along the dorsocentral plane. In common with H. neo-

mexicana the lower caudal sternopleural bristle is well developed, the terminal

sclerites of the ovipositor have recurrent spinules, the mid tibia may or may
not have a weak anterior bristle near the anterodorsal, and the series of

anteroventrals on the hind femur may be continued along proximal third of

femur or be absent thereat.

The extent and degree of dark coloration of femora vary widely, particularly

with respect to mid and hind pairs. In specimens from Oregon, Washington,

and British Columbia all are mostly blackish, and to the other extreme speci-

mens from Montana, Nevada, and Mono County, California, have the mid

and hind femora mostly or entirely fulvous.

Length, 4.5 to 5.5 mm.
Holotype and Allotype. 6, 9, Silverton Hills, Marion County, Oregon,

VI.20.41 (R. E. Rieder) CAS.

Paratypes. ALBERTA: li, Banff, VII. 13.38 (E. C. Van Dyke) CAS.

BRITISH COLUMBIA: \i, Similkameen, VII.2L06 (R. S. Sherman) CAS;

1 $ , Seton Lake, Lillooet, VI. 9.26 (J. McDunnough); 2 $ $ , Oliver, V.26. 23,

1 2 , same locality, IX.4.23 ; 1 ?
, same locality, IX.20.23 (all C. B. D. Garrett)

;

2 9?, Keremeos, VI.23.23 (C. B. D. Garrett) CNC. WASHINGTON: 19,

Mount Rainier, Round Pass, VII. 17.37 (B. Bennion) USNM; U, Okanogon,

V.20.24 (A. L. Melander) UCB. OREGON: 1 c^ , 29 9, same data as holotype,

HCH; 19, Fort Klamath, 4,200 feet, VIII.31.30 (H. A. Scullen) HCH.
IDAHO: 2i$, Viola, VI. 26. 12, CAS; li, Emery Canyon, 12 miles SE. of

Oakley, Cassia County, VII. 23. 59 (W. F. Barr) CAS. CALIFORNIA: 19,

S. end of Eagle Lake, Lassen County, VIII. 26.63 (H. B. Leech) CAS; \£,

Bridge Creek Camp, Lassen County, VII.9.49 (E. L. Atkinson) UCB; 19,
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Webber Lake, Sierra County, IX.3.39 (B. Brookman) CAS; 16, Truckee

Nevada County, VII. 16. 16 (H. G. Dyar) USNM; 1$, Snowline Camp,

El Dorado County, VII.4.48 (P. D. Hurd) UCB; IS, 1.5 mile NE. of Red

Lake, Alpine County, VII.25.55 (E. I. Schlinger) UCD; 12, Carson Pass,

Alpine County, VII. 28.30 (H. H. Keifer) CDA; 26 S, Strawberry Meadows,

Tuolumne County, VIII. 19.55 (J. W. MacSwain) UCB; 19, Sonora Pass,

Tuolumne County, VIII.21.59 (D. D. Linsdale) UCB; 13S6, 39 9, Leavitt

Meadow, 7,200 feet, Mono County, VIII. 12-14.63, at flight trap, (H. B. Leech)

CAS; 9<^ c^, 29 9, Virginia Lakes, 9,750 feet, Mono County, VIII. 17.63 (H. B.

Leech) CAS; li, 2 9 9, Mammoth Lakes, Mono County, VII.29.40 (R. H.

Beamer, D. E. Hardy) HCH. NEVADA: 19, Reno, VI.27.27 (E. P. Van

Duzee) CAS. UTAH: IS, Provo Canyon, North Fork, no date (D. E. John-

son) HCH. MONTANA: IS, Billings, VI. 18.42 (H. B. Mills) USNM;
19, Mussellshell, VIII. 19. 17, Montana Experiment Station, USNM. COLO-
RADO: 2S S, Pingree Park, VII. 11.37 (R. H. Beamer, C. L. Johnston) UK.

Hylemya (Delia) fulvescens Huckett, new species.

Male. Yellowish gray, head with parafacials whitish pruinescent, cheeks

duller, face whitish, occiput gray, antennae fulvous, third segment tinged with

gray on distal half, palpi fulvous, proboscis dull; mesonotum and scutellum

brownish and shiny, the former with 3 faint stripes, pleura gray; abdomen

yellowish gray, with a partly continuous fine dorsocentral stripe, anal sclerite

and processes of sternum 5 yellowish. Legs fulvous, coxae with trace of grayish

infuscation, fore femora darkened along dorsum, tarsi slightly darker than

tibiae, pulvilli brownish tinged. Wings clear, veins brown, upper calyptral

scale tinged, knobs of halteres yellow.

Head with narrower part of frons as wide as diameter of anterior ocellus,

parafrontals finely separated caudad, 4 pairs of slender parafrontal bristles,

postocular setulae shortened, profrons narrower and cheeks nearly as high as

width of third antennal segment, parafacials in profile constricted at middle,

aristal hairs slightly longer than basal diameter of arista, palpi slender.

Mesonotum with acrosticals weak except one median presutural and caudal

postsutural pairs, in two irregular series, prealar present in type, short, weak,

sternopleurals 1:2. Abdomen subconical, depressed basad and slightly thickened

at apex, with slender bristles and setulae, processes slender, sparsely clothed

except for 4 or 5 bristles along each outer border. Legs slender. Fore tibia with

1 posteroventral and stout blunt apical posteroventral, mid femur with 4 or 5

fine posteroventrals on proximal half, preapical anterior undeveloped, mid

tibia with no anterodorsal, 2 short posterior, apical mid ventral weak, hind

femur with 6 or 7 short anteroventrals on distal two-thirds, without postero-

ventrals, hind tibia with 1 or 2 anteroventrals situated distad, 4 short-

anterodorsals, 3 long posterodorsals, 1 or 2 posteroventral setulae, pulvilli
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long. Wings slightly tapering and pointed apicad, costal thorns and setulae

weak, m-cu cross vein suboblique.

Female. Fulvous, head with parafrontals and profrons reddish brown,

interfrontalia reddish, cheeks with reddish reflections; thorax and abdomen

with slight grayish dust; coxae fulvous. Frons at middle fully one-third width

of head as viewed from above, caudal pair of ocellar bristles directed outward;

ovipositor with setulae on suranal plate coarse and stubby, upright, on anal

palpi stiff and straightened, but becoming slender and flaccid toward apex.

Fore tibia with mid anterodorsal and posteroventral, apical posteroventral

pointed, mid femur with preapical anterior, mid tibia with lengthy mid

anterodorsal, 2 posterodorsals and 1 short posterior, apical mid ventral robust,

hind tibia with 2 widely spaced anteroventrals, 4 anterodorsals, 3 posterodorsals.

Length, 5.5 mm.
HoLOTYPE. 6 , Marion Mountain Camp, San Jacinto Mountains, California,

VII. 1.52 (J. K. Hester) UCD. Allotype. 9, Idrai, San Benito County,

California, VI. 15.35 (M. Wasbauer) UCD. Paratypes. 16, 19, Leavitt

INIeadow, 7,200 feet. Mono County, California, VIII. 12-13. 63, at flight trap

(H. B. Leech) CAS.

The species Hylemya jidvescens may be associated with Hylemya montana

Malloch. It differs from the latter in the shorter aristal hairs, and in that the

female is extensively fulvous. The male of the paratype is paler than the

holotype, having humeral callosities and lateral borders of scutellum testaceous;

the female varies from the allotype in having a darker median vitta on

mesonotum.

Hylemya (Delia) intimata Huckett, new species.

(Figure 30.)

The species Hylemya intimata is closely related to Hylemya attenuata

Malloch, possessing the same habitus. In the male of H . intimata the abdomen

is shorter, less tenuous, and less profusely bristled than in H. attenuata. I am
not able from topotypical material before me to conclude to what degree

the peculiar bristling and structure of the mid tarsus in the type of H. attenuata

( fig. 3 1 ) may be regarded as of specific value for diagnostic purposes owing to

the wide variation exhibited by the specimens with respect to such characters. In

the type of H. intimata the mid tarsus is normal (fig. 30), being without dorsal

Figures 1-8. Dorsal or caudal aspect of male copulatory appendages. Figure 1. Hylemya
{Delia) concorda, new species. Figure 2. Hylemya (Botanophila) sperata, new species.

Figure 3. Hylemya (Botanophila) pseudospinidens, new species. Figure 4. Hylemya (Pego-

hylemyia) sodalis, new species. Figure 5. Hylemya (Pegohylemyia) saliitaris, new species.

Figure 6. Pegomya affinis fuscopunctata, new subspecies. Figure 7. Pegomya hirticaudif,

new species. Figure 8. Pogonomyia amnicola, new species.
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series of longish setulae on the metatarsus, and without the extra-long apical

posterodorsal thorns on segments 2, 3, and 4. The female of H. intiniata has

the profrons and parafacials noticeably narrower than in female of H. attenuata.

Length, 4 to 5 mm.
HoLOTYPE. (^ , Rincon, San Diego County, California, XII. 13.35 (A. J.

Basinger) CAS. Allotype. 9 , same data as holotype, CAS. Paratypes.

CALIFORNIA: 19, same locaHty as holotype, XII. 7.35 (A. J. Basinger)

CAS; 1?, San Diego, 1.18.13 (E. P. Van Duzee) CAS; 2i £ , Claremont, Los

Angeles County, no date (Baker) LTSNM; 19, mountains, near Claremont,

Los Angeles County, no date (Baker) USNM; 19, Glendale, Los Angeles

County, XII. 29. 52 (E. I. Schlinger) UCD; 19, Mt. Saint Helena, Napa

County, 11.22.53 (J. C. Hall) UCD.

Hylemya (Delia) nubilalis Huckett, new species.

Male. Black and with brownish pollen, subshining, head and appendages

black, frontal vitta reddish cephalad, parafacials reddish and with whitish or

brownish pruinescence, cheeks duller, proboscis dull; mesonotum and scutellum

with brownish dust and blackish reflections, mesonotum seen from behind

with dark dorsocentral vitta and two linear stripes along series of dorsocentral

bristles that extend caudad to about midway on postsutural region, scutellum

darkened; abdomen with silky luster, brownish pruinescence and narrow

dorsocentral vitta, anal segment and processes of sternum 5 blackish. Legs

blackish, pulvilli tinged. Wings clear, basal region tinged yellowish brown,

calyptrae tinged, margins yellowish brown, knobs of halteres yellow or reddish,

stalks partly or entirely reddish.

Head with narrower part of frons about as wide as twice diameter of

anterior ocellus, interfrontalia linear caudad, separating parafrontals, 5 pairs

of slender parafrontal bristles, profrons and cheeks slightly less in width and

height respectively than breadth of third antennal segment, buccal region

with a loose series of upturned marginal bristles, postocular setulae short on

ventral half of series, aristal hairs not longer than basal diameter of arista.

Mesonotum with weak acrosticals, irregularly paired and in two close adjacent

series, with one longer medial pair on presutural region, prealar variable in

length, from shorter to about as long as posterior notopleural, sternopleurals

1:2. Abdomen conical, slightly depressed, profusely bristled on venter, sternum

4 with long erect bristles, processes short, with increasingly long slender bristles

from base to apex that are directed ventrad.

Fore tibia with 1 or 2 posteroventrals and a noticeably slender apical

posteroventral, mid femur with a proximal series of fine posteroventrals, mid

tibia in type with 1 anterodorsal, 2 posterodorsals, 1 posterior, 1 posteroventral,

all weak and short, hind femur with a full series of anteroventrals, proximal

bristles being scarcely as long as height of femur where situated, with proximal
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series of fine short posteroventrals, hind tibia with 3 to 5 anteroventrals, 4 or

5 anterodorsals, 3 or 4 posterodorsals, and a few posteroventral setulae on

proximal half, pulvilH long.

Wings with costal thorns and setulae weak, m-cu cross vein suberect, veins

i?4 + 5 and Ml ^2 slightly convergent toward wing margin.

Female. Paler and more evenly yellowish brown, duller, interfrontalia

reddish, mesonotum with indistinct darker lines along planes of dorsocentral

bristles, abdomen yellowish brown and with faint dorsocentral marking;

profrons and cheek about as broad and high respectively as width of third

antennal segment, sternopleurals 1:2, lower caudal bristle weak, ovipositor

with several stiff longish setulae on terminal sclerites. Fore tibia with 1

anterodorsal and 1 posteroventral, mid femur with anterior preapical, mid

tibia with 1 anteroventral, 1 anterodorsal, 2 posterodorsals, 2 posteroventrals,

hind femur with a full series of anteroventrals, those proximad being weak,

with fine hairlike posteroventrals proximad, hind tibia with 3 anteroventrals,

5 short and 2 longer anterodorsals, 3 posterodorsals. pulvilli short. Costal thorn

as long as humeral cross vein.

Length, 5 to 5.5 mm.
HoLOTYPE. 6, Sardine Creek, Mono County, California, VII. 6. 51 (A. T.

McClay) UCD. Allotype. 9, same locality as holotype, 8,500 feet, VII. 11. 51

(A. T. McClay) UCD. Paratypes. CALIFORNIA: 7SS, same locality as

holotype, VII.3-18.51 (A. T. McClay) UCD, HCH, 19, same locality as

holotype, VII. 29. 54 (J. C. Downey) UCD; 26 6, Tuolumne Meadows, 8,600

feet, Tuolumne County, VIII. 15. 16 (G. R. Pilate) USNM; 16, Pothole

Meadows, 7,750 feet, Mariposa County, VII.3.46 (H. Chandler) CAS; 16,

Sagehen, near Hobart Mills, Nevada County, VII. 2. 54 (J. C. Downey) UCD.
The male of H. nubilalis may be separated from similar forms by the

following combination of characters: Apical posteroventral of fore tibia long

and slender, anteroventrals and posteroventrals of hind femur weaker proximad,

aristal hairs very short, processes of sternum 5 with increasingly long slender

bristles from base to apex. The female may be distinguished by its even yellow-

ish brown or ochreous color, and the stiff slender setulae on terminal sclerites

of ovipositor.

Hylemya (Delia) suburbana Huckett, new species.

Male. Brownish gray, head (teneral in type) with brownish parafacials

and cheeks, face pale gray, occiput gray, antennae blackish, palpi brown,

proboscis dull; mesonotum and scutellum brownish, the former with 3 faint

linear stripes; abdomen cinereous gray pruinescent and with darker reflections,

dorsocentral vitta moderately narrow, anal sclerite and processes of sternum

5 yellowish tinged in type. Legs with fore femora blackish except on distal-

third fulvous, mid and hind femora blackish on proximal and fulvous on
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distal halves, tibiae fulvous, tarsi brown. Wings clear, tinged basad, calyptrae

tinged, knobs of halteres yellow.

Head with narrower part of frons about equal in width to diameter of

anterior ocellus, 5 pairs of parafrontal bristles, profrons slightly less in width

and cheeks fully as high as breadth of third antennal segment, buccal region

with a few stiffish upturned bristles on ventral margin, longer aristal hairs

slightly exceeding diameter of arista at base, palpi slender. Mesonotum with

slender acrosticals, irregularly paired, in 2 close, adjacent series, prealar in

type absent, posthumeral bristle finely duplicated, sternopleurals 1:2. Abdo-

men slender and depressed, sides subparallel and slightly tapering caudad, with

a profusion of lengthy slender setulae, processes of sternum 5 slender, with

a few fine preapical setulae on inner margin, with increasingly long bristles

on outer border from base to apex, apical margin with a straight bristle slanting

caudomesad, cerci with several longish slender setulae at apex.

Fore tibia with posteroventral, apical posteroventral weak, short, mid

femur with a proximal series of slender posteroventrals, anterior preapical

absent, mid tibia with 1 anterodorsal, 2 posterodorsals, 1 posterior, 1 postero-

ventral, hind femur with an extensive series of longish anteroventrals and

several diverse posteroventrals, hind tibia with 2 or 3 weak anteroventrals,

4 or 5 anterodorsals, 3 posterodorsals, a few proximal posteroventral hairs.

Wings with costal setulae weak, costal thorn nearly as long as humeral cross

vein, tn-cu cross vein suberect.

Female (allotype partly abraded). Brownish as in male, interfrontalia,

parafacials, and cheeks reddish, frontal vitta purplish caudad; mesonotum

with prealar short, abdomen in allotype without marking, terminal sclerites

of ovipositor with numerous stubby upright spinules. Legs fulvous, femora

more or less extensively darkened on proximal two-thirds, tibiae fulvous, tarsi

brownish. Fore tibia with 1 anterodorsal and 1 weak posteroventral in the

allotype, apical posteroventral robust, mid tibia with 1 weak anterior, 1

strong anterodorsal, 2 posterodorsals, 1 proximal posterior, 2 posteroventrals,

hind femur with 4 to 6 anteroventrals on distal two-thirds, and a sparse series

of weak hairlike posteroventrals on the proximal half, hind tibia with 3 or 4

anteroventrals, 4 or S anterodorsals, 3 or 4 posterodorsals. Wings broken,

costal thorn as long as r-m cross vein.

Figures 9-16. Lateral aspect of male copulatory appendages. Figure 9. Hylemya

(Delia) concorda, new species. Figure 10. Hylemya (Botanophila) sperata, new species.

Figure 11. Pegomya affinis juscopunctata, new subspecies. Figure 12. Hylemya {Botan-

ophila) pseiidospinidens, new species. Figure 13. Pegomya hirticauda, new species. Figure^

14. Hylemya (Pegohylemyia) salutaris, new species. Figure 15. Hylemya (Pegohylemyia)

sodalis, new species. Figure 16. Pogonomyia amnicola, new species.
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Length, 6 to 6.5 mm.
HoLOTYPE. S, Sand dunes, San Francisco, California, V.13.27 (C. L. Fox)

CAS. Allotype. 9 , Ingleside District, San Francisco County, California,

Vm. 26.08 (J. C. Bradley) CAS.

The male of H. suburbana as represented by the type may be separated

from similar forms by the possession of the following combination of characters:

Mid and hind femora largely fulvous on distal half, abdomen evenly slender

and narrow, inner margin of processes without stiff or coarse setulae, hind

tibia with sparse bristling on anteroventral and posteroventral surfaces.

Hylemya (Botanophila) consolata Huckett, new species.

Male. Black, parafacials and cheeks dull grayish pruinescent, mesonotum

with 3 obscure vittae, scutellum grayish, abdomen with cinereous pruinescence,

and expansive subtriangular marks on terga 3, 4, 5, marks restricted on terga

1 + 2. Legs black, pulvilli brownish tinged. Wings tinged, densely basad,

knobs of halteres yellow.

Head with narrower part of frons as wide as breadth of third antennal

segment, 6 or 7 pairs of parafrontal bristles, inner and outer pairs of verticals

as strong as parafrontal bristles, postocular setulae slender dorsad, interfrontalia

well maintained caudad, uninterrupted, profrons about as wide and parafacials

slightly narrower than width of third antennal segment, anterior margin of

parafacials in profile scarcely receding ventrad, face flexed forward at oral

margin to a level with tip of profrons, cheeks broad, slightly higher than

one-third height of eye, antennae short, aristal hairs slightly longer than basal

diameter of arista, proboscis nonslender; mesonotum with acrosticals fine and

slender, with one or two bristlelike pair.s on presutural region and continuously

lengthy on the postsutural, prealar missing, sternopleurals 1:3; abdomen

oblong, sides subparallel, truncate at apex, hypopygium with slender bristles,

processes broad and extended apicad, as in H . jibidans Huckett, well bristled

on distal half, submarginal spinules weak, inner margin with series of minute

hairs.

Fore tibia with 1 anterodorsal and 1 posteroventral, mid femur with a series

of slender anteroventral setae, and an extensive series of posteroventral bristles,

mid tibia with 2 anterodorsals, 2 posterodorsals, 1 posterior, 2 posteroventrals,

hind femur with a full series of anteroventrals and 5 or 6 posteroventrals, hind

tibia with 3 or 4 anteroventrals, 4 to 6 anterodorsals and posterodorsals

respectively, 2 or 3 posterior setulae, preapical posterodorsal and apical

posteroventral long.

Wings with costal setulae and thorns weak, w-cu cross vein weakly sinuate,

suberect, penultimate section of vein M\ + -j, in type as long as ultimate.

Length, 6.5 mm.
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HoLOTYPE. S. Echo Lake, El Dorado County, California, VII.19.55

(W. W. Middlekauff) UCB. Paratypes. 16, same locality as holotype,

VII.27.S5 (W. W. Middlekauff) UCB; 16, Sardine Creek, 8,500 feet. Mono
County, California, VII. 11.51 (A. T. McClay) UCD.

The male of H. consolata closely resembles that of H. jibulans, particularly

in the form and bristling of processes to sternum 5, where only submarginal

spinules differ by being much weaker in H. consolata. The latter also possesses

a robust apical posteroventral on hind tibia in contrast to its weak develop-

ment in H. jibulans \ further differences are apparent in the broader cheeks,

more prominent extension of vibrissal angle cephalad, and stronger pairs of

presutural acrosticals on mesonotum.

Hylemya (Botanophila) pseudospinidens Huckett, new species.

(Figures 3. 12. 21, and ii.)

Male. Blackish, resembling H. spinidens Malloch, head higher than long

at maximum diameters, frons at narrower part about as wide as distance

between posterior ocelli, interfrontalia nearly so thereat, profrons wider and

cheek higher than breadth of third antennal segment, parafacials about as

wide as the latter, epistoma not so strongly extended cephalad as in H. spinidens,

nor antennae as notably separated from each other by a facial bulge, arista

swollen at base and with aristal pubescence more typical of H. marginata

Stein, diversely arranged, longer hairs as long as width of third antennal seg-

ment. Thorax with numerous setulae at base of stigmatal bristle. Abdomen
with copulatory appendages and genitalia as in figures 3, 12, and 21, similar

to those of H. spinidens, but differing in conformation of cerci and apical

digits of gonostyli; spinules on processes of sternum 5 more widel}^ set apart

than in H. spinidens.

Fore tibia with 1 or 2 posteroventrals, mid femur with series of longish

anteroventral setulae, mid tibia with 2 anterodorsals, 2 posterodorsals, 2

shorter posteriors on proximal half, hind femur with a full series of longish

anteroventrals and several diverse posteroventrals on proximal two-thirds, hind

tibia with 3 or 4 anteroventrals, 3 or 4 anterodorsals, 3 posterodorsals, and a

few posterior setulae on middle half of tibia, preapical posterodorsal and
apical posteroventral weak, setulose.

Wings largely infuscated, blackish basad, veins Mi + o and i?4 + 5 divergent at

apex; calyptrae tinged, margins brownish, knobs of halteres yellow.

Female. Gray and with slight yellowish brown tinge on mesonotum and

abdomen. Head rather similar in conformation to that of H. spiniventris

Coquillett, differing chiefly in hairing of arista, which in character is similar

to that of H. marginata Stein, distal half of proboscis not compressed laterally,

mesonotum with or without trace of stripes. Legs with sparser bristling, fore-

tibia with mid anterodorsal, mid femur with or without weak prebasal antero-
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ventral, mid tibia with short anterior. Wings yellowish brown proximad, costal

thorn as long as r-m cross vein.

Length, 7 mm.
HoLOTYPE and Allotype. S , 9 , Lone Pine, Inyo County, California,

VIL28.40 (R. H. Beamer) HCH. Paratypes. 29 9, same locality and date

as holotype, (L. C. Kuitert) ; 36 6 , Whitney Portal, Inyo County, California,

VII.3.53 (W. D. McLellan) UCD.

Hylemya (Botanophila) sperata Huckett, new species.

(Figures 2, 10, and 20.)

Male. Blackish, subshining, with sparse grayish pruinescence, mesonotum

with a trace of infuscation and 3 obscure brownish stripes, scutellum brownish,

abdomen with broad subtriangular marks and anterior incisures on terga 3,

4, 5. Legs black, pulvilli whitish. Wings deeply infuscated basad, calyptrae

tinged, knobs of halteres yellow.

Head with narrower part of frons at least as wide as breadth of third

antennal segment, interfrontalia uninterrupted caudad, 5 pairs of parafrontal

bristles, parafacials and cheeks wider and higher respectively than width of

third antennal segment, dimensions of parafacials well maintained ventrad

and of cheeks caudad, vibrissae and marginal bristles slender, aristal hairs

barely longer than basal diameter of arista, proboscis not slender, scarcely

as long as maximum height of eye. Mesonotum with weak acrosticals, prealars

long, sternopleurals 1:2. Abdomen compact, sides subparallel, processes

similar to those of H. marginata Stein, but without the slender inner marginal

hairs, is proportionately narrow and tapering apicad, with a full series of

slender bristles on outer border, with submarginal series of fine spinules

extending from basal region to distal half, inner margin with fine short hairs

from base to apex, cerci, gonostyli and genitalia as in figures 2, 10, and 20.

Fore tibia with 1 mid posteroventral, 1 longer and 1 shorter anterodorsal,

preapical posterodorsal absent, mid femur with a series of weak anteroventrals

and 3 or 4 slender posteroventrals, mid tibia with 1 or 2 anteroventrals, 2

anterodorsals, 2 posterodorsals, 1 posterior, 2 posteroventrals, hind femur

Figures 17-29. Ventral aspect of sternum 5 in male. Figure 17. Hylemya (Delia) con-

corda, new species. Figure 18. Hylemya (Pegohylemyia) salutaris, new species. Figure 19.

Pegomya affinis jiiscopunctata, new subspecies. Figure 20. Hylemya (Botanophila) sperata,

new species. Figure 21. Hylemya (Botanophila) pseudospinidens, new species. Figure 22.

Chiastocheta solidiceps, new species (dried specimen). Figure 23. Pegomya hirticauda, new

species. Figure 24. Hylemya (Pegohylemyia) sodalis, new species. Figure 25. Lispe deser-

torum, new species (dried specimen). Figure 26. Lispe approximata, new species (dried

specimen). Figure 27. Pogonomyia profrontalis, new species. Figure 28. Pogonomyia santa-

monicae, new species. Figure 29. Pogonomyia ammicola, new species.



248 CALIFORNIA ACADEMY OF SCIENCES [Proc. 4th Ser.



Vol. XXXIVl HICKETT: CALIFORNIA ANTHOMYIIDAE AND MUSCIDAE 249

with full series of longish anteroventrals and 3 posteroventrals, hind tibia

with 2 or 3 anteroventrals, 4 anterodorsals, 3 long posterodorsals, 3 or 4

posterior setae, preapical posterodorsal weak, apical posteroventral weak or

long.

Wings with costal thorn about as long as humeral cross vein, ?n-cu cross

vein weakly sinuate.

Female. Gray, with or without brownish cast, mesonotum with or without

trace of stripes, abdomen with weak dorsocentral marking; wings yellowish

brown proximad; parafacials and cheeks broad, arista usually polished at

base, acrosticals weak. Mid femur with 1 or 2 anteroventrals on proximal

third, mid tibia with 1 or 2 anteroventrals, 2 anterodorsals, hind tibia with

2 or 3 anteroventrals, 4 anterodorsals, 3 posterodorsals, preapical postero-

dorsal weak, apical posteroventral usually weak, occasionally lengthy and

slender. Costa coarsely setulose, costal thorn longer than humeral cross vein.

Length, 5.5 to 6.25 mm.
Hdlotype and Allotype. 6,9,4 miles N. of Silver Lake, Amador County,

California, Vn.25.55 (J. C. Downey) UCD. Paratypes. CALIFORNIA: 25 9,

sama data as holotype; H, 29 9, Smith Mill, 15 miles SE. of Sierraville,

Sierra County, VII.4.60 (F. D. Parker) CAS; 26 6, Hope Valley, Alpine

County, VII.9.48 (C. D. MacNeill) CAS; 6, Forestdale Meadow, Alpine

County, VII.17.60 (C. G. Moore) CCD; 19, 2 miles S. of Meyers, El

Dorado County, VII.24. 55 (J. C. Downey) UCD; 19, Kennedy Meadows,

Tuolumne County, VII.9.51 (A. T. McClay) UCD; 29 9, Leavitt Meadow,

Mono County, VI. 28. 51 (T. R. Haig), 16, 79 9, same locality. VII. 6. 51

(S. M. Kappos) UCD, HCH.
The males of H. sperata and H. varicolor (Meigen) resemble one another

in structure of cerci and gonostyli as viewed from above, figure 2. In H. sperata,

however, the processes of sternum 5 are proportionately narrower than in

H. varicolor and related species with short-haired aristae, and hind tibiae in

H. sperata have no well developed preapical posterodorsal. The male of H.

sperata differs from that of H. marginella Malloch in the structure of cerci

and gonostyli and in having coarser spinules on the processes; in the female

by absence of the robust preapical posterodorsal on fore tibia, and in that

anteroventral bristles on mid femur are restricted to proximal third.

Figures 30-36. Figure 30. Hylemya (Delia) intimata, new species, mid tarsus $ . Fig-

ure 31. Hylemya attennata Malloch, mid tarsus $. Figure 32. Pegomya hirticauda, new
species, hind tarsus 9 (setulae omitted). Figure 33. Hylemya (Botanophila) pseudospini-

dens, new species, head profile c^ (bristles omitted). Figure 34. Chiastocheta solidiceps, new
species, dorsal aspect of ovipositor. Figure 35. Pogonomyta santamonicae. new species, $ .

a) cerci, b) lateral view of gonostylus. Figure 36. Pogonomyia profrontalis, new species,

S . a) cerci, b) lateral view of gonostylus, c) profile of outer paralobe of genitalia.
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Hylemya (Phorbia) sombrosa Huckett, new species.

Female. Dull, drab gray, head with dull grayish pruinescence, frontal

vitta lightly dusted, parafacials with silvery patch opposite second antennal

segment as viewed from in front, becoming a dark reflection when viewed

laterad, antennae blackish, second segment reddish tinged along anterior

border, palpi dark brown, proboscis dull; thorax and abdomen gray, concolorous,

mesonotum with a trace of pale brown median vitta; abdomen unmarked,

sclerites of ovipositor black and shiny. Legs grayish black, tarsi dark brown.

Wings tinged, veins brown and becoming paler basad, calyptrae whitish, knobs

of halteres yellow.

Head with frons broad, interfrontalia as wide as length of third antennal

segment, profrons prominently projecting, as long as length of third antennal

segment, antennae pendant, third segment slightly longer than wide, arista

subnude, parafacials and cheeks broad. Mesonotum devoid of setulae, acrosticals

weak, in 2 irregular adjacent series, prealars long, sternopleurals 2:2, ventral

anterior bristle weak, scutellum without ventral hairs; abdomen with longish

marginal bristles on terga, tergum 5 with discal series, ovipositor robust,

sheathlike, bristleless, anal palpi glossy and pitted throughout, dorsal margin

sharply angulate at apex, caudal margin fringed with fine hairs.

Fore femur with 1 or 2 semierect longish setulae on median plane of

anterior surface, fore tibia with 1 anterodorsal, 1 posteroventral, preapical

posterodorsal weak, mid femur with 4 or 5 anteroventrals on proximal three-

fifths, and with 2 or 3 posteroventrals, mid tibia with 1 or 2 anteroventrals

and anterodorsals respectively, 2 or 3 posterodorsals, 1 posteroventral, hind

femur with 5 or 6 anteroventrals and 2 posteroventrals, hind tibia with 2 or

3 anteroventrals, 4 or 5 anterodorsals, 3 or 4 posterodorsals, preapical postero-

dorsal long, tarsi slender.

Wings with costal setulae coarse but short, costal thorn as long as r-7n

cross vein, m-cu cross vein suberect. Length, 5 to 6 mm.
HoLOTYPE. 9, Topanga Canyon, Los Angeles County, California, IIL28.52

(D. Covey) UCLA. Paratype. ? , Santa Monica Mountains, Los Angeles

County, CaUfornia, IV.20.52 (E. Smith) UCLA.
The female of H. sombrosa is notable for the uniformity of its dull gray

color on thorax and abdomen, and its broad parafacials.

Hylemya (Pegohylemyia) praefecta Huckett, new species.

Male and Female. Grayish black, subshining, head with parafrontals and

occiput dark gray, parafacials and cheeks lightly dusted, dull, with reddish

reflections, sides of face and anterior margin of parafacials reddish in holotype,

face leaden, interfrontalia in both sexes reddish yellow on cephalic half,

purplish caudad, third antennal segment blackish, second segment reddish

tinged, palpi brown, proboscis dull. Mesonotum gray, with or without 3 faint
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brownish stripes, scutellum gray; abdomen concolorous and in male with

trace of a dorsocentral stripe. Legs with femora black, tibiae rufous tinged,

pulvilli brownish. Wings clear, veins brown in male, paler in female, membrane

and veins yellowish basad, calyptrae tinged, knobs of halteres yellow.

Frons in both sexes equally broad and similarly bristled, slightly wider

at vertex than distance between first pair of dorsocentral bristles, maximum
height of eye slightly exceeding twice height of cheek, profrons as wide as

breadth of third antennal segment, epistoma extended cephalad to level with

tip of profrons, oral margin prominently flexed forward beneath apex of

antennae, arista subnude. Mesonotum with short hairlike acrosticals, in 4

irregular series, prealars long, upper border of mesopleura without weak bristle

adjacent to the anterior notopleural, sternopleurals 1:2. Abdomen in male

slightly depressed, sides subparallel, truncate at apex, caudal margin of terga

3, 4, 5 strongly bristled on dorsum, processes robust and, in dried specimen,

curved mesad at apex, finely and extensively bristled from base to apex,

inner margin with fine hairs; in female the marginal bristles of terga are

weaker, tergum 5 with weak upright discal bristles.

Legs robust, bristling in female variable, averaging slightly fewer bristles

on femora and more numerous on tibiae than in holotype, fore tibia with 2

to 4 anterodorsals, 1 to 3 posteriors, 1 or 2 posteroventrals, pulvilli short; in

holotype, fore tibia with 2 or 3 slender anterodorsals, 2 slender posteroventrals,

mid femur with full series of anteroventrals and posteroventrals, mid tibia

densely setulose on ventral surface, with 2 anterodorsals, 3 or 4 posterodorsals,

2 posteroventrals, hind femora with a full series of anteroventrals and postero-

ventrals, hind tibia with 3 anteroventrals, 5 or 6 anterodorsals, 5 posterodorsals,

preapical posterodorsal lengthy, with 1 or 2 posteroventral setulae proximad,

pulvilli long.

Wings with a ragged series of coarse unevenly developed costal setulae,

those in the allotype and two paratypes include some that are spinular in

length. In the holotype these have apparenth^ been broken off as indicated

by the enlarged scars or trichopores. Costal thorns long, m-cu cross vein erect.

Length, 10 mm.

Holotype. 6, Lake Agnus, Colorado, VIII. 2 1.40 (W^ P. Nye) CAS.

Allotype. 9, Vivian Park, Provo Canyon, Utah, no date (D. E. Hardy) CAS.

Paratypes. 19, same data as allotype, USNM; 19, Mirror Lake, Uintah

Mountains, Utah, no date (D. E. Hardy) HCH; 19, Ruby Lake, 11,500 feet,

NW. Inyo County, California, VIII. 13.57 (C. D. MacNeill) UCB; 19, Lillooet,

British Columbia, VII.24.17 (R. C. Treherne) CNC.
The species H. praejecta is notable for its robust size and prominent

epistoma. The frons in the male and in the female is similarly broad and

bristled. The females from Ruby Lake and Lillooet do not possess the marked
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spinular development of costal setulae that is evident in the remaining

specimens.

Hylemya (Pegohylemyia) salutaris Huckett, new species.

(Figures 5, 14, and 18.)

Male. Grayish black, subshining, head and appendages blackish, parafacials

with whitish pruinescence, cheeks duller, interfrontalia and profrons narrowly

reddish at base of antennae, proboscis dull; mesonotum and scutellum brownish

tinged, the former with a trace of brownish median stripe; abdomen with a

narrow, brownish, dorsocentral vitta and a trace of anterior incisures on terga,

hypopygium grayish black. Legs blackish, knees narrowly reddish and tibiae

faintly rufous. Wings clear, yellowish tinged basad, calyptrae yellowish, knobs

of halteres yellow.

Eyes at narrower part of frons separated by a distance slightly less than

that between posterior ocelli inclusive, interfrontalia uninterrupted caudad,

parafrontals with 3 or 4 pairs of bristles, and a weak pair of setulae opposite

apex of ocellar triangle, profrons and cheeks in the type slightly less in width

and height respectively than breadth of third antennal segment, well maintained

ventrad and caudad respectively, aristal hairs about as long as basal diameter

of arista, postocular setulae slender on dorsal half of series, proboscis non-

slender. Mesonotum lacking setulae, with paired series of fine short acrosticals

excepting stronger mid presutural and caudal postsutural pairs, prealars long,

mesopleura with weak upper bristle near the anterior notopleural, sterno-

pleurals 1 to 2:2; abdomen depressed, slender, sides subparallel, thickened

caudad, copulatory appendages as in figures 5, 14, 18, inner margin of

processes of sternum 5 without fringe of fine hairs.

Fore femur with 1 or 2 longish setulae on median plane of anterior surface,

fore tibia with 1 anterodorsal, 1 posteroventral, mid femur with 3 or 4 short

anteroventrals and 3 or 4 longer posteroventrals on proximal half, mid tibia

with 2 anteroventrals, 2 anterodorsals, 2 posterodorsals, 2 posteroventrals, hind

femur with full series of 6 or 7 longish anteroventrals, and a proximal series

of fine posteroventrals, which are not longer than height of the femur where

situated, hind tibia with 3 or 4 anteroventrals, 6 anterodorsals, 4 posterodorsals,

and a series of 3 or 4 posterior setulae on middle half of tibia.

Wings with a series of stiffish suberect short costal setulae, costal thorns

not long, m-cu crossvein slightly oblique, veins i?4+5 and M]+2 divergent at

wing margin.

Length, 4.5 to 5 mm.
HoLOTYPE. S, Red Mountain, 11,000 feet, Colorado, VIL22.34 (C. P.

Alexander) HCH. Paratype. 1 S , Tuolumne Meadows, Soda Springs, 8,600

feet, California, Vin.8.16 (G. R. Pilate) USNM.
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The male of H. saint oris resembles that of H. ringdahli Drew (= appen-

diculata Malloch), from which it differs in structure of genitalia and copulatory

appendages.

Hylemya (Pegohylemyia) sodalis Huckett, new species.

(Figures 4, 15, and 24.)

Male. Blackish and with yellowish gray pruinescence, head with para-

frontals and parafacials silvery pruinescent, cheeks slightly duller, occiput

gray, interfrontalia black and subdivided lengthwise by a brownish median

line or crease when viewed from in front, antennae blackish, palpi paler, brown,

proboscis dull; thorax and abdomen largely stained, thus obscuring marks,

but it seems evident that abdomen has an uniformly narrow vitta. Legs

blackish. Wings evenly clear, upper calyptral scale yellowish tinged, lower

whitish, knobs of halteres yellow.

Eyes separated at narrower part of frons by a distance equal to diameter

of anterior ocellus, parafrontals with 6 pairs of slender bristles, and in type

with minute pair of setulae set immediately cephalad of apex of ocellar

triangle, postocular setulae slender, parafacials throughout as wide as breadth

of third antennal segment, cheeks narrow, in height scarcely equal to one-sixth

that of eye, evenly maintained caudad, marginal bristles and vibrissae slender

and moderately profuse, oral margin prominently curved forward below apex

of antennae, haustellum slim, lengthy; mesonotum with a paired series of

short fine acrosticals, prealars short, sternopleurals 1:2; abdomen depressed,

not broad, sides subparallel, tapering caudad on tergum 5, bristles and setae

longer and more numerous laterad than on mesal sector of dorsum, copulatory

appendages as in figures 4, 15, 24.

Legs slender, fore tibia with 1 fine posteroventral, mid femur with 2 or 3

weak anteroventrals and 3 or 4 posteroventrals on proximal half, mid tibia

with 1 anterodorsal, 2 posterodorsals, 1 posterior, 1 posteroventral, all short

and fine, hind femur with full series of longish anteroventrals, 2 slender postero-

ventrals, hind tibia with 2 anteroventrals, 4 anterodorsals, 3 posterodorsals, and

2 or 3 posterior setulae on the proximal half.

Wings with costal setulae and thorns weak, m.-cu cross veins suberect, veins

Ri + 7, and M]+2 slightly convergent on approaching wing margin. Length,

4 mm.

HoLOTYPE. i , Soda Springs, Tuolumne Meadows, 8,600 feet, Tuolumne

County, California, Vin.8.16 (G. R. Pilate) USNM.
The male of H. sodalis differs essentially from those of its congeners in

the structure of the cerci (fig. 4). In this respect the cerci are slightly similar

to those of an Alaskan species that I have recently examined and which is

now before me, and from the latter H. sodalis differs in general habitus and

bristling, having the cheeks wider and abdomen slender.
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Chiastocheta solidiceps Huckett, new species.

(Figures 22 and 34.)

Male. Dark gray, subshining, head with slight whitish pruinescence on

cephalic half of parafrontals and on parafacials and cheeks, caudal half of

parafrontals and entire occiput grayish, interfrontalia turkey red on cephalic

half, blackish caudad, third antennal segment blackish, second reddish tinged,

palpi dark brown, proboscis dull; mesonotum gray and with 3 faint brownish

stripes in type, scutellum and abdomen gray, the latter with obscure darker

dorsocentral marking when viewed from behind. Legs blackish. Wings clear,

calyptrae whitish, knobs of halteres yellow, stalks purplish.

Frons at vertex wider than distance between first pair of dorsocentral

bristles, interfrontalia wider than length of third antennal segment, frons

bristled as in female, parafacials in type slightly narrower and cheeks slightly

higher than width of third antennal segment, arista subnude, proboscis not

slender; mesonotum and scutellum largely bare, with few setulae, 3 pairs of

presutural acrosticals in 2 narrowly separated series, mid pair stronger,

postsutural acrosticals weak, hairlike except caudal pair, prealars long, upper

border of mesopleura with weak bristle near anterior notopleural, sternopleurals

2 : 2, ventral bristle of anterior pair weak, of posterior pair short; abdomen

nonslender, subdepressed and tapering caudad, processes of sternum 5 lengthy,

slightly longer than hind metatarsus, curved mesad at apex, with bristles on

outer border from base to apex, with sparse fringe of hairs on inner margin

(fig. 22).

Fore tibia with 1 anterodorsal, 1 or 2 posteroventrals, mid femur with 3

or 4 anteroventrals and posteroventrals respectively, mid tibia with 1 antero-

dorsal, 2 posterodorsals, 1 posterior, 1 posteroventral, with or without a weak

anteroventral, hind femur with a full series of 6 or 7 anteroventrals, 1 or 2

posteroventrals, hind tibia with 1 or 2 anteroventrals, 4 anterodorsals, 3

posterodorsals, lacking posterior setulae, pulvilli short.

Wings with costal setulae prominent proximad of costal thorns, costal

thorn as long as humeral cross vein, m-cu cross vein straight.

Female. Mainly as in male, mesonotum and abdomen devoid of marking,

tergum 5 with few slender discal bristles, ovipositor shortened, appressed

dorsoventrad, dorsum with broad black shiny sclerites, apex bluntl}^ rounded

as viewed from above (fig. 34).

Length, 4 to 4.5 mm.
HoLOTYPE. $, Roberts, Marion County, Oregon, IV.n.40 (R. E. Rieder)

CAS. Allotype. 9, Thorn Hollow, Oregon, IV. 29.38 (K. Gray, J. Schuh)

CAS. Paratypes. 2S$, Port Townsend, Washington, V.14.- (A. Seaton)

HCH; IS, Berkeley, California, IV.8.54, 19, IV. 19.54 (P. D. Kurd) UCB;
1 $ , mountains, near Claremont, Los Angeles County, California, no date
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(Baker) USNM; 1$, Florence, Montana, VI. 1.1 2 (Montana Experiment

Station) USNM.
The species C. soUdkeps has the head in both sexes very similar in colora-

tion, structure, and bristling, and differs from C. glauca (Coquillett) in having

no abnormal bristling on anteroventral surface of hind tibia.

Neohylemyia monticola Huckett, new species.

Male. Gray, head with parafrontals gray, with or without brownish pollen,

interfrontalia reddish to black, viewed from below with whitish sheen, para-

facials and cheeks reddish and more or less filmed with brownish or grayish

pruinescence, second antennal segment reddish at apex, third segment black,

palpi brown, proboscis dull; mesonotum and scutellum gray, subshining, with

or without trace of brownish sheen and usually with 2 or 3 faint stripes;

abdomen gray and with a dark-brown dorsocentral vitta, hypopygium lightly

dusted. Femora largely black, tibiae and apical region of femora fulvous, tarsi

brown. Wings clear, veins dark brown, paler basad, calyptrae clear, margin

brownish, knobs of halteres yellow.

Frons at vertex fully as wide as distance between first pair of dorsocentral

bristles, bristled as in female, cruciate bristles robust, arista long plumose,

proboscis not long, profrons and cheek less in width and height respectively

than breadth of third antennal segment, the latter fully 1.75 times as long

as wide; mesonotum lacking setulae, acrosticals fine, irregularly paired, in

two closely adjacent series, a stronger mid pair on the presutural region,

prealars short, weak, sternopleurals 1:2; abdomen sturdy, nonslender, slightly

depressed, sides subparallel, apical region thickened, anal segment prominent,

knobby, processes of sternum 5 with a few stiffish setulae on middle third

of inner margin.

Fore tibia with 1 anterodorsal, 1 posteroventral, mid femur with 1 or 2

weak basal anteroventrals and a proximal series of posteroventrals, mid tibia

with 1 anterodorsal, 2 posterodorsals, 2 posteroventrals, hind femur with a

full series of anteroventrals, bristles becoming shorter near base of femur,

3 or 4 fine posteroventrals, hind tibia with 2 or 3 anteroventrals, 4 antero-

dorsals, 3 posterodorsals, 1 or 2 posteroventral setulae. Wings with costal

setulae and thorns weak, ni-cu cross vein suberect.

Female. Paler gray, interfrontalia reddish on cephalic region, blackish

caudad, second antennal segment largely yellowish, scutellum with yellowish

testaceous spot at apex; abdomen with a dark dorsocentral streak, ovipositor

not seen. Legs with mid and hind femora largely fulvous and with trace of

darker clouding (allotype) or mostly blackish on proximal two-thirds (para-

type), hind femur with an anteroventral series on distal two-thirds, without

posteroventrals or with 1 or 2 fine bristly posteroventral hairs.

Length, about 4 mm.
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HoLOTYPE. $, Mammoth Lakes, Mono County, California, VII.29.40

(D. E. Hardy) HCH. Allotype. 9 , Echo, El Dorado County, California,

VIII. 10.40 (L. J. Lipovsky) HCH. Paratypes. 2i S
,
Leavitt Meadow, 7,200

feet, Mono County, California, VIII. 13. 63, at flight trap (H. B. Leech) CAS;

1(5, Onion Creek Meadows, 7,700 feet, Grant County, Oregon, VII. 18.36

(H. A. Scullen) CAS; IS, Keremeos, British Columbia, VI. 23. 23, 19, Oliver,

British Columbia, VIII. 13.23, IS, Banff, Alberta, IX.5.22 (all C. B. D.

Garrett) CNC.
The species N. monticola and N . apivora (Aldrich) have the frons similarly

broad and bristled in both sexes. The former may readily be distinguished

from the latter by its gray color and narrower parafacials and cheeks.

Alliopsis californiensis Huckett, new species.

Male. Grayish black, mesonotum and scutellum brownish, abdomen paler,

gray, with brownish dorsocentral marking, and anterior incisures on terga

3, 4, 5, basal sclerite of hypopygium grayish, dull on dorsum, polished and

shiny laterad. Wings evidently not densely tinged or infuscated, calyptrae and

calyptral hairs whitish, margins pale brown, knobs of halteres yellow.

Eyes large, sparsely haired, closely approximate at narrowest part of frons,

separated thereat by a distance equal to diameter of anterior ocellus, inter-

frontalia interrupted caudad, broadly expanding cephalad, parafrentals with

8 or 9 pairs of bristles on cephalic half, cruciate hairs present, profrons about

as long as width of third antennal segment, width of parafacials well main-

tained ventrad, cheeks tapering sharply caudad below eye, occipital and

postgenal sclerites with dense short fine hairs, buccal region with a few

slender upturned marginal bristles, aristal hairs subplumose, the longer about

equal to width of third antennal segment; mesonotum and scutellum densely

haired, prealars short, lower duplicating posthumeral bristle absent, sterno-

pleurals 2:2; ventral anterior weak, upper border of hypopleura with hairs,

presternum bare; abdomen robust, broadly subovate, anal sclerite of hypo-

pygium with sparse clothing of fine slender bristles, basal sclerite with a few

weak bristles on dorsum, processes normal, tapering distad and with a shaggy

clothing of fine short upright bristles, inner border densely fringed.

Fore tibia with mid anterodorsal and posteroventral, with a preapical

mid dorsal and a weak anterodorsal, mid femur with 2 or 3 short prebasal

anteroventrals and 8 or 9 posteroventrals, mid tibia with one bristle respectively

on the anteroventral, anterodorsal, posterodorsal, posterior, and posteroventral

surfaces, hind femur with full series of lengthy anteroventrals and 6 or 7

similar posteroventrals on proximal half, hind tibia with 4 anteroventrals, 6

or 7 anterodorsals, 4 posterodorsals, and 1 or 2 slender posterior setulae

proximad.
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Wings with costal setulae and thorns weak, m-cu cross veins markedly

oblique and sinuate, lower calyptral scale distinctly extended beyond margin

of upper.

Length, about 8 mm.
HoLOTYPE. $, Davis, Yolo County., California, III.31. S3 (W. H. Lange)

UCD.
The male of A . calijorniensis may readily be distinguished from its congeners

by the subplumose arista, hairs on upper border of hypopleura, a strong

anteroventral bristle on mid tibia. The specimen is covered with sand particles

and is slightly abraded.

Alliopsis hirtitibia Huckett, new species.

The male of A. hirtitibia may be linked to those species in which the male

has outer bristles on processes of sternum 5 arranged in fanlike series along

outer border, the tips reaching laterad beyond margin of abdomen and curving

downward. It may be readily distinguished by the diffuse series of bristles

and setulae on the entire anterior and dorsal surfaces of hind tibia, the bristling

gradually denser and longer distad, posterior surface with or without a few

semierect weak setulae.

In male and female the eyes are densely clothed with whitish hairs, at

narrowest part of frons separated by a distance less than width of third antennal

segment, parafacials receding ventrad to narrower dimensions, cruciate setulae

absent; mesonotum with lower duplicating posthumeral bristle present, prealars

long, prosternum bare, sternopleurals 1:2; abdomen whitish pruinescent. Fore

tibia with 4 apical bristles (including preapicals), hind femur with longish

anteroventrals and posteroventrals.

In the male the prebasal sclerite (tergum 6) of hypopygium is weakly

bristled, anal segment swollen and with longish slender bristles, processes

broad, each with a depressed or flangelike extension mesad along inner margin

and having fine setulae. Wings are faintly tinged, becoming whitish at base.

In the female the fore tibia has 1 or 2 bristles on anterodorsal, posterior,

posteroventral surfaces respectively, mid tibia with 2 bristles on anterodorsal,

posterodorsal, posterior, and posteroventral surfaces respectively, hind tibia

with bristling normal, 5 anteroventrals, 5 anterodorsals, 4 or 5 posterodorsals,

fine longish preapical posterodorsal, 2 or 3 longish posterior setulae. Mid and

hind tarsi broken off in allotype. Wings more distinctly and extensively tinged,

with a small demarked whitish area at base.

Length, 7 to 8 mm.

HoLOTYPE and Allotype, i, ?, Arrowhead, British Columbia, V.10.27

(A. A. Dennys) CNC. Paratypes. 16, Robson, British Columbia, X.10J7

(H. R. Foxlee) CNC; li, Tahoe Lake, Nevada, X.5.35 (A. J. Basinger) CAS.
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Alliopsis incompta Huckett, new species.

Male. Black, dull and with sparse whitish pruinescence, parafacials

silvery, mesonotum seen from in front with 3 weak linear stripes that terminate

on caudal half of postsutural region in two large blackish marks, scutellum

grayish; abdomen more densely whitish pruinescent, with blackish dorsocentral

vitta, hypopygium lightly dusted. Femora and tibiae grayish black, tarsi dark

brown. Wings extensively tinged, not denser basad, calyptral membrane

whitish, knobs of halteres purplish or mainly yellowish brown.

Eyes with short hairs, narrower part of frons slightly less to about equal

to width of third antennal segment, interfrontalia uninterrupted caudad, without

cruciate setulae, parafrontals bristleless caudad, profrons slightly wider than

breadth of third antennal segment, parafacials slightly receding ventrad, at

middle about equal in width to that of third antennal segment, cheeks broad,

tapering caudad, jowls or buccal region prominent, with a clump of robust

upturned bristles on ventral border, epistoma nearly extended cephalad to

level with tip of profrons; mesonotum with fine presutural acrosticals and

interserial setulae, the respective series slightly closer to one another than to

the nearer series of dorsocentral bristles, posthumeral bristle not duplicated,

prealars longer than posterior notopleurals, sternopleurals 1:2, prosternum

bare; abdomen conical, prebasal sclerite of hypopygium (tergum 6) bristled,

anal sclerite (tergum 9) with fine weak bristles, gonostyli long and awl-like,

processes lengthy, simple, tapering distad, nearly 3 times as long as its width

at middle, inner margin fringed with short hairs and outer border with weak

short bristles from base to apex.

Fore tibia with 1 or 2 posteroventrals, apical posteroventral fine, mid

femur with anteroventrals on proximal half and posteroventrals on proximal

two-thirds, mid tibia with 1 or 2 anterodorsals, 2 or 3 posterodorsals, 3 or 4

posterior-posteroventrals, hind femur with full series of 10 to 12 anteroventrals,

proximal series of longish posteroventrals, hind tibia with 4 to 5 bristles on

anteroventral, anterodorsal, and posterodorsal surfaces respectively, with 3

or 4 longish posterior setulae, preapical posterodorsal long.

Wings with costal setulae and thorns weak, veins -R4 + 5 and Mi + 2 divergent

at wing margin, m-cu cross vein oblique and sinuate, calyptral scales subequal.

Female. Eyes sparsely haired, frons, parafacials and cheeks slightly wider

and more prominent. Otherwise similar to male except for sexual characters.

Length, 7 mm.
HoLOTYPE and Allotype. <^ , 9 , Snow Creek Trail, Yosemite National

Park, Mariposa County, California, VI. 2 1.36 (E. H. Hendee) UCB. Paratypes.

1$, Mt. Logan, Utah, VI.24.38 (G. F. Knowlton) HCH; IS, Mt. Rainier,

Yakima Park, Washington, VII.25.32, USNM.
The species A. incompta and A. hirtitibia have the arista minutely haired

and thereby differ from A. calijorniensis. The male of A. incompta lacks the
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profuse bristling of hind tibiae possessed by the male of A. hirtitibia, and in

both sexes of A. incompta the lower duplicating posthumeral bristle is lacking.

Pegomya arenosa Huckett, new species.

Male. Head light or pellucid yellow, occiput and ocellar callosity bluish

gray, the former yellowish dorsad below vertex, parafrontals and parafacials

with whitish pruinescence, cheeks less so, second antennal segment fulvous,

third more or less fuscous or blackish, yellowish basad, arista yellowish or

brownish, palpi yellow, with or without trace of darkening at apex; thorax

gray, anterior border yellowish adjacent to and including humeral callosities,

propleura and prosternum, scutellum largely yellowish; abdomen mainly

yellowish, with interrupted brownish dorsocentral stripe. Legs yellow, including

tarsi. Wings clear, cross veins in type unclouded, knobs of halteres yellow.

Head similar in structure to that of P. ajjinis Stein, with narrower part

of frons about as wide as distance between the posterior ocelli, interfrontalia

uninterrupted caudad, parafrontals with 4 pairs of bristles, arista minutely

haired, profrons less than width of third antennal segment, cheeks broad, as

high as width of the latter, verticals and postocular setulae short; mesonotum

with acrosticals in regular paired series, prealars absent, mesopleura with a

short upper bristle near the anterior notopleural, sternopleurals 1:2; abdo-

men as in P. ajjinis, marginal bristles of terga short.

Fore tibia with mid anterodorsal and posteroventral, mid femur with 2

posteroventrals, anterior preapical present, mid tibia with 1 anterodorsal,

2 posteriors, all short, weak setulose anteroventral, hind femur with 5 antero-

ventrals, extending in a series to prebasal region, 1 strong posteroventral, hind

tibia with 1 anteroventral, 2 anterodorsals, 2 posterodorsals, preapical postero-

dorsal weak.

Wings with costal setulae short, black and coarse, costal thorn lengthy,

m-cii cross vein slightly bowed inward at middle, suberect, veins i?4^5 and M1+2
slightly divergent at apex, calyptral scales subequal.

Female. Similar to male except for sexual characters. Interfrontalia yellow

and without cruciate bristles, parafacials in profile dished, mesonotum laterad

and pleura more or less yellowish tinged; mid femur with 1 prebasal antero-

ventral, mid tibia with 1 stronger anterodorsal.

Length, 4 to 4.5 mm.
HoLOTYPE and Allotype. (^ , 2 , White Sands National Monument, Otero

County, New Mexico, VH.20.47 (C. P. Stroud) USNM. Paratypes. 16, 12,

same data as holotype, USNM; 12, Hopkins Well, Riverside County, Cali-

fornia, IV.29.52 (P. D. Hurd) UCB.

The species P. arenosa closely resembles P. dijjinis (p. 261), from which

it may be separated by the paler yellowish notopleural depression and propleura,

and the clear whitish wings.
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Pegomya canyonensis Huckett, new species.

Male. Gray, interfrontalia, parafacials and cheeks reddish and with sparse

whitish pruinescence, second antennal segment fuscous, paler along distal

border, third segment black, palpi brown; mesonotum seen from in front

with 3 brownish vittae, scutellum brownish on dorsum; abdomen gray and

with dark brown dorsocentral vitta, hypopygium lightly dusted, sternum 5

glossy, polished. Femora dark brown, fore tibia infuscated, mid and hind tibiae

pale brown or yellowish brown, tarsi brown. Wings faintly grayish tinged,

denser basad, veins brown, calyptrae hyaline, knobs of halteres yellow.

Head with narrower part of frons about as wide as diameter of anterior

ocellus, parafrontals contiguous caudad, with 7 pairs of slender bristles, profrons

narrower than and cheeks as high as width of third antennal segment, narrower

part of parafacials wider than half length of profrons, oral margin curved

forward to a level approximating tip of profrons, third antennal segment 1.5

times as long as wide, arista minutely haired, palpi rather shortened, barely

longer than length of third antennal segment; mesonotum with paired acrosticals

in 2 adjacent series, mid presutural pair stronger, posthumeral bristle weakly

duplicated, prealars absent, sternopleurals 2 : 3, ventral bristle in each series

weak; abdomen slender, depressed, sides slightly converging caudad, apex blunt,

processes of sternum 5 short, broad, and mostly bare, widening on basal half,

apical margin blunt and with lengthy slender bristles across apical border.

Fore tibia with 1 posteroventral, mid femur with a prebasal anteroventral

and 3 or 4 posteroventrals, mid tibia with a weak anterodorsal, 1 posterodorsal,

2 posteriors, hind femur with full series of slender anteroventrals, 2 or 3

posteroventrals, hind tibia with 2 anteroventrals, 2 long (proximal) and 1

or 2 weak (distal) anterodorsals, 2 posterodorsals.

Wings with costal setulae and thorns weak, m-cu cross veins erect, calyptrae

subequal.

Female. Interfrontalia reddish, purplish caudad, parafrontals brownish

tinged, parafacials and cheeks lighter red, antennae black; mesonotum and

abdomen subshining, latter gray and with a poorly defined dorsocentral

marking, femora blackish, halteres partly purplish tinged; frons at vertex wider

than distance between first pair of dorsocentral bristles, interfrontalia not

evenly broad, narrower on caudal half, cruciate bristles absent; mesonotum

with acrosticals weak, irregularly arranged, lower duplicating posthumeral

bristle weak or absent, sternopleurals 2:2, ventral bristles weak, tergum 5

with a few upright discal bristles laterad. Bristling of legs as in male.

Length, 4.5 mm.
HoLOTYPE and Allotype. S , ? , Mule Canyon, Calico Mountains, San

Bernardino County, California, III. 17. 55 (M. Wasbauer) UCB. Paratypes.

2 9 9, same locality and date as holotype (M. Wasbauer, P. D. Hurd) UCB.



Vol. XXXI\] HICKETT: CALIFORNIA ANTHOMYIIDAE AND MUSCIDAE 261

The male of P. canyoncnsis is notable for the peculiar structure of processes

to sternum 5. In both sexes the prealar bristle is absent.

Pegomya diffinis Huckett, new species.

Male. Closely resembling the male of P. arenosa (p. 259). Mesonotum

with notopleural depression gray, propleura gray: abdomen mainly yellowish,

with shifting or reflective gray areas on the dorsum and a brownish dorsocentral

stripe. Femora with trace of extensive clouding. Bristling of legs as in P. arenosa

except that preapical posterodorsal on the hind tibia of the type is slightly

longer than the apical diameter of tibia. Wings faintly tinged, cross veins

unclouded.

Female. Similar to that of P. arenosa, and differing, as in male, by having

notopleural depression gray, and wings less clear. Palpi more extensively

infuscated at apex, third antennal segment less distinctly reddish basad.

Abdomen with terga 1 + 2, 3, and sometimes 4 lightly gray across the anterior

half, or more extensively so, with an obscure dorsocentral stripe. Bristling of

legs as in male of P. diffinis except that preapical posterodorsal of the hind tibia

does not exceed in length the apical diameter of the tibia.

Length, 5.5 mm.
HoLOTYPE and Allotype, c^ , 9 , San Felipe, Baja California, Mexico,

11.19.54 (P. H. Arnaud) PHA. Paratypes. CALIFORNIA: 19, Borrego, San

Diego County, IV. 26. 55 (M. Wasbauer) UCB; 19, Borrego Valley, San Diego

County, IV.18.57 (E. I. Schlinger), IS, 18 miles W. of Blythe, Riverside

County, IV.2.63 (A. Willink) UCD: li, Palm Springs, Riverside County,

IV.24.44 (A. L. Melander) USNM: 9, Thousand Palms, Riverside County,

111.4.55 (W. R. M. Mason), 19, same locality, III.12.55 (J. E. H. Martin)

CNC; 19, Desert Hot Springs, Riverside County, III.3.55, 19, La Quinta,

Riverside County, III. 5. 55 (both J. E. H. Martin) CNC; 19, Santa Monica

Mountains, Los Angeles County, VII.3.50 UCB.

Pegomya dissidens Huckett, new species.

The male of P. dissidens is allied to that of P. minuta Malloch, from which

it may be separated by its larger size, 5 mm., 6 or 7 pairs of parafrontal

bristles that in series extend caudad to a level approaching apex of frontal

triangle, third antennal segment mostly yellowish in type (not entirely black),

abdomen with poorly marked fuscous stripe, weak and ill-defined, hind tibia

with shorter bristling. The processes of sternum 5 in P. dissidens when seen

from below appear lamellate and evenly tapering distad to a bluntly pointed

apex, possessing a depressed or sunken shiny flange of chitin along inner

margin, with several scattered weak bristles on the proximal half that tend to

become fewer and more marginal on the distal half, outer region of processes

bare from base to apex.
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HoLOTYPE. S, Sand dunes near Stovepipe Wells, Death Valley, Inyo

County, California, IV.2.- (H. B. Leech) CAS.

Pegomya hirticauda Huckett, new species.

(Figures 7, 13, 2i, and 32.)

Male. Black and with grayish pruinescence, head with parafacials, cheeks,

interfrontalia reddish or blackish, filmed with whitish pruinescence, face

paler, second antennal segment fulvous to black, third segment black, palpi

yellowish to brownish proximad, fuscous distad or at apex; mesonotum seen

from in front brownish and with dark reflections or streaks, seen from behind

with usually 3 dark and 2 intervening pale confluent stripes on presutural

region, scutellum brownish, pleura gray; abdomen gray and with narrow

black dorsocentral vitta, terga 3, 4, 5 with trace of browning on anterior

half of each tergum, hypopygium lightly dusted. Femora blackish, dark brown

or partly so, and sometimes paler on basal and apical regions, tibiae yellowish

to yellowish brown, fore tibiae with or without infuscation, tarsi dark brown.

Wings brownish tinged, denser basad, veins dark brown, calyptrae brownish

tinged, knobs of halteres yellow.

Eyes closely approximate on frons, at narrowest part separated by a

distance about equal to diameter of anterior ocellus, parafrontals contiguous,

4 or 5 pairs of bristles cephalad, postocular setulae short, profrons broad and

prominent, thereby antennae pendant, parafacials narrowed and receding

ventrad, cheeks broadly maintained caudad, third antennal segment about

twice as long as wide, slightly broader than length of profrons and is as broad

as height of cheeks, arista minutely haired, palpi slender; mesonotum with

slender acrosticals, in series separated from one another by a distance equal

to that separating the respective series of acrostical and dorsocentral bristles,

posthumeral bristle duplicated, prealar short, sternopleurals 2 : 3, ventral

bristles weak; abdomen short, depressed basad, truncate at apex, thickened

caudad, processes widely set apart at base, outer border with slender bristles,

inner border with dense clothing of slender setae and hairs (fig. 23).

Fore tibia with 1 posteroventral, mid femur with 2 or 3 slender postero-

ventrals, mid tibia with 1 anterodorsal, 1 posterodorsal, 2 posteriors, hind

femur with a full series of slender anteroventrals and a proximal series of

posteroventrals, hind tibia with 1 anteroventral, 2 or 3 short anterodorsals,

2 posterodorsals. Wings with costal setulae and thorns weak, m-cu cross vein

erect or slightly oblique.

Female. Gray, parafacials and cheeks reddish and with slight pruinescence,

interfrontalia reddish cephalad, mesonotum gray, with a trace of 3 brownish

vittae, abdomen gray, subshining, with or without a trace of an obscure

dorsocentral marking. Femora more distinctly fulvous on basal and apical

regions, tibiae more distinctly yellowish, coxae gray or fulvous (allotype);
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frons at vertex fully as wide as distance between the first pair of dorsocentral

bristles, interfrontalia at middle as wide as length of third antennal segment,

with cruciate bristles, mesonotum with lower duplicating posthumeral bristle

weak or absent, sternopleurals 2:2: abdomen subovate, with weak marginal

bristles on terga, ovipositor with anal palpi discoid in form. Fore tibia with

or without weak anterodorsal, 1 posteroventral, mid femur with or without

prebasal anteroventral, with 1 or 2 posteroventrals, hind femur with fewer

and shorter anteroventrals, without posteroventrals, mid and hind tibiae as in

male, fore, mid, and hind tarsal segments 4 and 5 broadened, the fifth discoid

(fig. 32).

Length, 4 mm.
HoLOTYPE. c^ , Stanford University, Santa Clara County, California,

XI. 16. 53 (P. H. Arnaud) PHA. Allotype. 9, Pacific Palisades, Los Angeles

County, California, XL29.51 PHA. Paratypes. CALIFORNIA: 46 6, same

data as holotype, 46 6, same locality as holotype, XII. 13.53, 1 6, same locality

as holotype. III. 29.40, 16, Redwood City, San Mateo County, XII. 13.53 (all

P. H. Arnaud) PHA; 16, Berkeley, Alameda County, XII.9.40 UCB; 2 9 9,

Davis, Yolo County, III.8.53, at fish meal bait (E. C. Carlson) UCD; 1 6, near

Foresthill, Placer County, V.12.63 (M. E. Irwin) UCD; 19, Mt. Pines, 8,000

feet, Ventura County, V.8.59 (J. Powell) UCB; 26 6, Glendale, Los Angeles

County, XII. 2 1.50, 66 6, 19, same locality, XII. 29. 52 (both E. I. Schlinger)

UCD; 206 6, 309 9, Los Angeles, 11.23.49, in teneral condition, UCB, HCH;
1 9 , Pacific Palisades, Los Angeles County, XI. 17. 51 UCLA; 1 6 ,

San Clemente,

Orange County, II.4.47 (A. L. Melander) USNM; 3Si, San Diego, III.8.53

(P. H. Arnaud) PHA; 19, Mule Canyon, Calico Mountains, San Bernardino

County, III. 17. 55 (M. Wasbauer) UCB; 19, Riverside, 11.10.35, 29 9, same

locality. III. 17.35 (A. L. Melander) USNM.
The species P. hirticauda may be separated from allied forms by the broad

cheeks, dense bristling of processes in male, and by the discoid fifth tarsal

segments in female.

Pegomya melanderi Huckett, new species.

Male. Related to the P. ajjinis-^ronp, head with parafrontals, profrons

and occiput gray, interfrontalia mainly reddish, parafacials and cheeks reddish

brown, second antennal segment fulvous, third segment entirely black, face

whitish, palpi yellow, entirely so or fuscous at tip; thorax gray, brownish on

mesonotum and there macrochaetae set in brown basal spots, scutellum yellow-

ish on apical region; abdomen dull gray, with a faint brownish dorsocentral

stripe and spotlike marks laterad on dorsum, caudal margins of terga yellowish,

increasingly so with each successive segment caudad, hypopygium and processes

of sternum 5 yellow. Fore femora blackish, mid and hind pairs less so, tibiae

and tarsi dull yellow or yellowish brown.
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Wings with cross veins infuscated, distal third of vein Ri darkened,

calyptrae whitish, knobs of halteres yellow.

Frons broad, at vertex as wide as distance between first pair of dorso-

central bristles, interfrontalia uniformly broad throughout, fully as wide as

width of third antennal segment, parafrontals with femalelike bristling, verticals

long and erect, arista swollen at base, minutely haired; mesonotum with a

regular paired series of acrosticals, mid presutural pair longer and bristlelike,

sternopleurals 1:2; abdomen conical, slightly depressed, marginal bristles on

dorsum of terga weak mesad, stronger laterad, hypopygium and processes

similar to those of P. ajjinis.

Fore tibia with a mid anterodorsal, 2 posteroventrals, preapical postero-

dorsal setulose or absent, mid femur with 1 or 2 anteroventrals on proximal

half, 2 or more posteroventrals, mid tibia with a mid anteroventral, 1 long

anterodorsal, 1 posterodorsal, 2 or 3 shorter posteriors, hind femur with full

series of anteroventrals and 2 or 3 posteroventrals, hind tibia with 1 antero-

ventral, 2 anterodorsals, 2 posterodorsals, and occasionally 1 mid anterior,

preapical posterodorsal setulose.

Wings with costal setulae short, costal thorn long. Length, S to 6.5 mm.

HoLOTYPE. c^ , Desert Hot Springs, Riverside County, California, 1.23.46

(A. L. Melander) USNM. Paratypes. 3 <? 5 , same data as holotype, USNM.
The male of P. melanderi may be separated from those of allied species by

the broad frons and interfrontalia. Named in honor of Dr. A. L. Melander,

whose extensive collections of Diptera from southern California have contributed

notably to the present survey of the state fauna.

Pegomya nigrifemoralis Huckett, new species.

The species P. nigrijcmoralis belongs to the P. lipsia-group within the

genus, of which the common California species P. duplicata (Malloch) is a

good example. The male of P. nigrifemoralis closely resembles those of P.

juscicanda and P. sctijormis, from both of which it may be distinguished by

the equally black fore, mid, and hind femora, and in my opinion from P.

duplicoides Snyder, described from Mexico and which I have not seen, by

the shiny blackish hypopygium and absence of the preapical posterodorsal

on the fore tibia.

The female of P. nigrijcmoralis has the fore-tarsal segments 3 and 4 slightly

widened as in females of P. juscicauda and P. setijormis, the fore femora

extensively blackish, and the mid and hind femora fulvous. It differs from

females of the latter two species by the absence of a preapical posterodorsal

on the fore tibia.

Holotype. i, Hat Point, 7,000 feet, Wallowa County, Oregon, Vn.30.41

(M. and R. E. Rieder) CAS. Allotype. 9, Garden City, Utah, VI. 6.38 (G. F.

Knowlton, F. C. Harmston) CAS. Paratypes. CALIFORNIA: 19, Cedar



VoL.XXXIVl HVCKETT: CALIFORNIA ANTHOMYIIDAE AND MUSCIDAE 265

Pass, Modoc County, M. 29.55 (J. W. MacSwain) UCB; 1 $, Smith Mill, 15

miles SE. of Sierraville, Sierra County, VII.4.60 (F. D. Parker), 16,4 miles

N. of Silver Lake, Amador County, VII. 25. 55 (E. I. Schlinger) both UCD;

1^, Moraga Valley, Contra Costa County, IV.22.40 (E. S. Ross), 1$, Orinda,

Contra Costa County, IV.27.55 (R. H. Goodwin) both UCB; 19, Big Pines,

Los Angeles County, VIII. 2.44 (A. L. Melander) USNM. UTAH: 15, Logan

Canyon, VI.9.38 (R. E. Nye) HCH; 1$, Wellsville Canyon, June 1926 HCH.

IDAHO: 12, Flat Rock, VIII.4.50 (R. R. Dreisbach, R. K. Schwab) HCH;

19, Chilco, Kootenai County, V.21.58 (A. R. Gittins) CAS. WYOMING:
12, Teton County, 9,000 feet, VII. 22. 53 (R. R. Dreisbach) HCH. WASH-
INGTON: 16, North Dryden, IV.23.25 (A. L. Melander), 2, Wawawai, no

date, USNM. ALBERTA: 1 c^ , Edmonton, VI. 10.37 (E. H. Strickland) CNC.

Pegomya orbata Huckett, new species.

The species P. orbata may be distinguished from its closest relatives in the

P. lipsia-group by the infuscation on the distal half of the mid and hind femora.

In the male the hypopygium is dull gray, concolorous with the abdomen;

fore and hind tibiae have the preapical posterodorsal absent or setulose. In

the holotype the wings are hyaline and have no clouding of cross veins,

calyptrae whitish and clear.

In the female of P. orbata the fore femora are extensively blackish, the

fore and hind tibiae with the preapical posterodorsal absent or setulose, the

mid tibiae without mid anteroventral, the fore-tarsal segments 3 and 4 slightly

widened, in these respects agreeing with the female of P. nigrijemoralis. In

both sexes the third antennal segment is entirely blackish except for a trace

of reddish along the base of the inner surface in the male.

Holotype. 6 , Upper Santa Ana River, San Bernardino County, California,

V.14.47 (A. L. Melander) USNM. Allotype. 2, Big Pines, Los Angeles

County, VIII. 2.44 (A. L. Melander) USNM. Paratype. li , Leavitt Meadow,

7,200 feet, Mono County, California, VIII. 13.63, at flight trap (H. B. Leech)

CAS.

Pegomya polygonoruni Huckett, new species.

Male. Brown, subshining, interfrontalia, parafacials and cheeks deep red,

parafacials with velvety pale brown pruinescence, second antennal segment

rufous, third segment black, palpi brown; thorax shiny, seal brown, seen from

in front without marking on mesonotum, seen from behind with 3 dark pre-

sutural stripes, with paler intervening lines between the stripes; abdomen in

holotype slightly teneral, shining and with brownish pruinescence, dorsocentral

marks restricted to terga 1 + 2 and 3. Femora dark brown, tibiae yellowish

brown, tarsi dark brown. Wings clear, slightly tinged basad, calyptrae brownish

tinged, knobs of halteres yellow.
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Eyes at narrower part of frons separated by a distance about equal to

the diameter of the anterior ocellus, parafrontals contiguous, with 6 or 7

pairs of weak bristles, profrons narrower than width of third antennal segment,

parafacials narrow and receding ventrad, cheeks slightly higher than length

of profrons and with 2 series of slender bristles along ventral border, third

antennal segment about 1.5 times as long as wide, arista minutely haired and

slightly thickened at base, palpi slender, occiput swollen on ventral half;

mesonotum with acrosticals weak, irregularly paired and in series that are

slightly closer to one another than the distance of either to the nearer series

of dorsocentral bristles, posthumeral bristle duplicated, prealars about as

long as the posterior notopleurals, sternopleurals 2 : 3 including the weak

ventral bristles; abdomen teneral, depressed basad and sides slightly convergent

caudad, processes well set apart at base, short and broadly maintained distad,

apex blunt, with a screen or series of short bristles across basal region, inner

border with a loose series of longish setulae proximad and at apex.

Fore tibia with 1 posteroventral, mid femur with 2 or 3 slender postero-

ventrals, mid tibia with 1 anterodorsal, 1 posterodorsal, 2 posteriors, hind

femur with an extensive anteroventral series, bristles shorter on proximal half

of femur, with few posteroventrals, hind tibia with 1 anteroventral, 2 antero-

dorsals, 2 posterodorsals.

Wings with costal setulae and thorns weak, m-cu cross vein erect. Length,

4 mm.
HoLOTYPE. (5 , Summit of Luther Pass, El Dorado County, California,

V.28.49, ex Polygonum alpinuni Allioni. (K. E. Frick) UCB. Paratype. 1$,

same locality and host as holotype, IV.30.49 (K. E. Frick) UCB.

The male of P. polygonorum possesses a shiny dark brown thorax, which

when seen from above has no stripes on mesonotum. From such related forms

the male may be separated by the more prominent profrons and cheeks, and

by structure and bristling of processes on sternum 5.

Pegomya silvicola Huckett, new species.

Male. Blackish, interfrontalia, parafacials and cheeks blackish, parafacials

with silvery and interfrontalia and cheeks with whitish pruinescence, first and

second antennal segments, articulating surface of third and facial carina at

base of antennae, all yellowish, remainder of third antennal segment gray.

palpi dark brown; mesonotum and scutellum seen from in front blackish and

shiny, the former with 3 darker vittae, seen from behind with light brown

dust, pleura gray; abdomen with cinereous pruinescence and dark reflections,

with blackish dorsocentral vitta. Fore femora black, mid and hind pairs

yellowish brown, tibiae fulvous, tarsi dark brown. Wings clear, tinged basad,

calyptrae whitish, knobs of halteres yellow.

Eyes at narrower part of frons separated by a distance not exceeding

diameter of anterior ocellus, parafrontals contiguous and with 5 pairs of weak
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bristles, profrons and parafacials narrow, cheeks restricted below eye and

tapering caudad, postocular setulae short, arista minutely haired: mesonotum

with fine paired acrosticals and interserial setulae, the two series widely

separated by a distance greater than that between the respective series of

acrosticals and dorsocentral bristles, posthumeral bristle duplicated, prealar

short, sternopleurals 2:2, anterior ventral weak; abdomen short, rather stocky,

depressed basad and thickened caudad, apex truncate, processes short, con-

tiguous basad, width well maintained distad, apical margin blunt and rounded,

inner margin slightly extended mesad at apex, outer border projecting narrowly

as a flat bare flange or marginal plate, base of outer border with several

bristles, of which 2 or 3 are long and robust, inner border densely clothed

with weak bristles that progressively become shorter and finer from base to

apex of processes.

Fore tibia with 1 posteroventral, mid femur with 4 or 5 short postero-

ventrals, mid tibia with 1 anterodorsal, 1 posterodorsal, 2 posteriors, hind

femur with 4 or 5 anteroventrals on distal half, the series continued as much
weaker bristles on the proximal half, being setulose, with 2 or 3 short

posteroventrals, hind tibia with 1 anteroventral. 2 longer and 6 to 8 short

anterodorsals, 2 long and 1 shorter posterodorsal between the longer.

Wings with costal thorns and setulae weak, m-cu cross vein slightly

oblique and sinuate, lower calyptral scale slightly protruded beyond margin

of upper. Length, 5 mm.
HoLOTYPE. S, Giant Forest, Tulare County, California, VII. 28. 29 (R. H.

Beamer) HCH.
The male of P. silvkola possesses the habitus of P. winthemi (INIeigen)

and P. mallochi Huckett, from both of which it differs in having the scutellum

entirely blackish and the lower calyptral scale less completely extended beyond

the margin of the upper. Further, in the male of P. silvkola the palpi are

dark brown (yellow in winthemi), and the lower posthumeral bristle is present

(absent in P. mallochi).

Pegomya sombrina Huckett, new species.

Male. Gray-black, subshining, with yellowish brown pruinescence, para-

frontals and parafacials silvery, cheeks duller and with dark reflections,

interfrontalia black, reddish cephalad, second antennal segment fulvous, third

blackish, faintly reddish at base of inner surface, palpi fulvous, fuscous at

tip; mesonotum with faint brownish median vitta and dark reflections,

postsutural region with yellowish brown pruinescence, scutellum and abdomen

concolorous with mesonotum, the latter slightly more densely pruinescent;

abdomen with narrow dorsocentral vitta, becoming slightly wider caudad,

processes reddish on distal half and along inner border. Fore coxae grayish

anteriorly, fore femora largely browned or infuscated, mid and hind pairs
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and all tibiae fulvous, tarsi blackish. Wings faintly grayish, tinged basad,

calyptrae whitish, knobs of halteres yellow.

Narrower part of frons about equal in width to the distance between the

posterior ocelli, interfrontalia uninterrupted caudad, 5 or 6 pairs of slender

parafrontal bristles, profrons and cheeks about as long and high respectively

as width of third antennal segment, the latter about 1.75 times as long as

wide, arista subnude; mesonotum with acrosticals in regular paired series,

a stronger mid pair on the presutural region, posthumeral bristle finely

duplicated, prealars long; abdomen conically cylindrical, depressed basad,

with strong marginal bristles on the terga, processes comparable to those of

P. bicolor (Wiedeman), broadened, blunt and bare on distal half, glossy

thereat and along inner border, with fringe of slender setulae on proximal

half, at base with 1 or 2 longish upright bristles.

Fore tibia with a weak anterodorsal and slender mid posteroventral, mid

femur with setulose anteroventrals on the proximal third and 2 postero-

ventrals, mid tibia with 1 short anterodorsal, 1 stronger posterodorsal, 2 short

posteriors, hind femur with 5 anteroventrals on the distal two-thirds of femur,

1 mid posteroventral, hind tibia with 1 anteroventral, 2 anterodorsals, 2 long

and 1 very short posterodorsals, apical anterior robust, preapical anterodorsal

and posterodorsal setulose in type.

Wings with costal setulae and thorns weak, scales of calyptrae subequal.

Female. Slightly paler, interfrontalia entirely reddish, parafacials and

cheeks deep red and with light silvery sheen, face gray, scutellum and

abdomen gray; frons at vertex slightly wider than one-third diameter of head

as viewed from above, caudal pair of ocellar bristles weak and directed

forward, cruciate bristles absent, sternopleurals 1:2, lower caudal bristle

robust; sclerites of ovipositor glossy, terminal appendages with slender setulae;

mid tibia with a longer anterodorsal, hind tibia with 3 longer and 1 very

short anterodorsal.

Length, 6.5 mm.

HoLOTYPE. i , Sacramento, California, V.4.56 (S. M. Fidel) UCD.

Allotype. ? ,
Leavitt Meadow, 7,200 feet, Mono County, VIII. 13.63, at

flight trap (H. B. Leech) CAS.

The species P. sombrina has the habitus of P. bicolor (Wiedemann), from

which it may be distinguished by the color of the abdomen and thorax,

longer prealar bristle, more regularly paired acrosticals in series that are more

widely separated from one another.

Pegomya umbripennis Huckett, new species.

Male. Gray, interfrontalia black, parafacials and cheeks blackish, with

whitish pruinescence, second antennal segment blackish or rufous, third black,

palpi reddish brown, fuscous apicad; mesonotum brownish, seen from in front
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with a median streak and two obscure sublaterals, seen from behind markings

similar to those of P. polygonorum (p. 265), the stripes obscurely continued

caudad on the postsutural region, scutellum brownish, pleura gray; abdomen

gray, with a blackish dorsocentral vitta, hypopygium grayish black. Femora

blackish, tibiae rufous, tarsi dark brown.

Wings grayish, brownish tinged basad, veins chocolate brown, calyptrae

hyaline, knobs of halteres purplish tinged.

Narrower part of frons about as wide as the distance between posterior

ocelli, interfrontalia linear caudad, separating parafrontals, latter with 5 or 6

pairs of bristles, profrons prominent, cheeks broad, parafacials narrow and

receding ventrad, antennae pendant, third antennal segment broad, slightly

wider than height of cheek, nearly 1.5 times as long as broad, arista minutely

haired and is thickened at base; mesonotum with weak paired acrosticals, mid

presutural pair stronger, series closer to one another than each to their

respective series of dorsocentral bristles, posthumeral bristle duplicated, prealars

short, sternopleurals 2 : 3, ventral bristles being weak; abdomen short, de-

pressed basad, thickened caudad, blunt at apex, sides slightly converging caudad,

processes widely set apart at base, slender and tapering to a blunt point at

apex as viewed laterad, inner margin partly polished and at apical region

extended mesad as flattish semicircular flange or shelf, and on proximal half

with a series of slender setulae, outer border of processes with bristles pro-

gressively becoming longer from base to apical region. Fore tibia with 1

posteroventral, mid femur with a few proximal posteroventrals, mid tibia with

1 anterodorsal, 1 posterodorsal, 2 posteriors, hind femur with a full series of

slender anteroventrals, basal bristles shorter, 1 or more posteroventrals, hind

tibia with 1 or 2 anteroventrals, 2 anterodorsals, 2 posterodorsals.

Wings with costal setulae and thorns weak, m-cu cross vein erect.

Female. Interfrontalia, parafacials and cheeks extensively turkey red and

filmed with whitish pruinescence as viewed from in front, occiput gray; thorax

gray, mesonotum with a trace of brownish stripes along planes of dorsocentral

bristles; abdomen gray, unmarked. Fore femora blackish, mid and hind pairs

fulvous and with a trace of clouding or cuticular darkening, tibiae fulvous:

frons at vertex as wide as distance between first pair of dorsocentral bristles,

parafrontals narrow, interfrontalia broad, at middle of frons as wide as length

of third antennal segment, caudal pair of ocellar bristles weak, upright and

inclined forward, cruciate bristles absent, sternopleurals 2:2, lower caudal

bristle longer than half length of upper; abdomen with a few discal bristles

laterad on tergum 5, sclerites of ovipositor grayish, dull. Fore tibia with 1

anterodorsal and 1 posteroventral, mid tibia with or without weak antero-

ventral, mid femur with prebasal anteroventral, hind femur with 1 or 2 slender

posteroventrals. Knobs of halteres yellow (allotype) or purplish tinged.

Length, 4 mm.
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HoLOTYPE. S, Glendale, Los x\ngeles County, California, XII. 2 1.50 (E. I.

Schlinger) UCB. Allotype. 9, Monrovia Canyon, Los Angeles County,

California, III.27.32 (C. H. Martin) UCB. Paratypes. CALIFORNIA: IS,

San Francisco, III. 15.08 (E. C. Van Dyke) CAS; 1?, Redwood City, San

Mateo County, III. 2 1.48, 1 S , Stanford LTniversity, Santa Clara County, II. 7. 51

(both P. H. Arnaud) PHA. WASHINGTON: 1^, Fort Lewis, Pierce County,

IV.6.46 (P. H. Arnaud) PHA.

The male of P. umbripennis may be recognized by the perculiar structure

and bristling of processes to sternum 5. In the female specimens before me

the mid and hind femora, in contrast to those of the male, are largely fulvous,

a color character that is capable of wide variation in related forms, tergum

5 has a few upright discal bristles, and as in the male knobs of halteres may
be purplish tinged.

Pegomya valida Huckett, new species.

Male. Black, parafacials and cheeks reddish and with velvety brownish

pruinescence, interfrontalia reddish cephalad, and with a film of whitish dust,

face brownish black, occiput gray, second antennal segment rufous, third black;

mesonotum with sparse whitish pruinescence and dark reflections, viewed

from behind with 3 vittae, declivities blackish, scutellum shining black laterad

and with pale subtriangular mark on disc; abdomen more densely whitish

gray, with a narrow dorsocentral vitta on terga 3, 4, 5, each section slightly

dilated at the anterior margin of the tergum, hypopygium subshining, blackish.

Femora blackish, narrowly reddish at apical region, tibiae fulvous, tarsi dark

brown, pulvilli browned. Wings grayish tinged, slightly denser basad, calyptrae

whitish, halteres purplish.

Frons at narrower part slightly wider than breadth of third antennal

segment, interfrontalia thereat about as wide as the latter, parafrontals with

10 to 12 pairs of slender bristles, series extending caudad to level with apex

of ocellar triangle, verticals and postocular setulae slender, profrons and

cheeks about as wide and high respectively as the width of the third antennal

segment, parafacials well maintained in width ventrad, epistoma extended

cephalad to a level with tip of profrons, vibrissal angle with numerous stiff

black setulae, arista subnude; mesonotum with a strong mid pair of presutural

acrosticals, posthumeral bristle duplicated, prealars long, notopleural depres-

sion with setulae, sternopleurals 2:2 or 3; abdomen conical, tergum 6 with

few weak bristles, anal segment (tergum 9) not prominent, sterna sparsely

bristled, processes slender, fringed on inner margin with weak hairs, outer

border weakly bristled.

Fore tibia with 1 anterodorsal, 2 posteroventrals, preapical posterodorsal

well developed, mid femur with a proximal series of anteroventrals and postero-

ventrals, the latter continued on distal half of femur as slender setulae and
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accompanied throughout by a series of similar setulae immediately dorsad,

with a short anteroventral on the distal half of the femur, mid tibia with 1 robust

anterodorsal and posterodorsal respectively, with 1 posterior and 2 postero-

ventrals, hind femur with a full series of longish anteroventrals and proximal

posteroventrals, hind tibia with 2 anteroventrals, 2 anterodorsals, 2 postero-

dorsals, apical anteroventral duplicated, tarsi slender, pulvilli short.

Wings with costal setulae weak, costal thorn as long as humeral cross vein,

ni-cu cross vein oblique and sinuate.

Female. Mesonotum more densely pruinescent and with a trace of brownish

infuscation, abdomen more grayish and shiny, with a weak dorsocentral mark-

ing; frons at vertex wider than distance between first pair of dorsocentral

bristles, interfrontalia uniformly broad and at middle of frons as wide as

length of antenna. Fore tibia with 1 posteroventral.

Length, 10 to 11 mm.
HoLOTYPE and Allotype. S, 9, Parkdale, Oregon, III. 3 1.36 (K. Gray,

J. Schuh) CAS. Paratypes. IS, Triniti, Sonoma County, California, III.26.37

(N. W. Frazier), 1$, ^Mountain Home Canyon, San Bernardino County,

California, VII.16.21 (F. R. Cole) UCB.

The species P. valida belongs to the P. major-group within the genus and

is noteworthy on account of the prominence of parafacials and epistoma, the

former having a straightish anterior margin and the latter densely beset with

stiff short setulae on the vibrissal angle. The mid femur has 4 or 5 anteroventral

bristles on the proximal half, as in P. thrixia Huckett, from which species

P. valida differs in having longer anteroventral and posteroventral bristles

on the hind femur, and in the absence of setulae on the parafrontals opposite

the ocellar callosity.

Pegomya affinis fuscopunctata Huckett, new subspecies.

(Figures 6, 11, and 19.)

The species Pegomya ajjinis Stein occurring in the western states of

California, Oregon, and Washington is notably different from the form present

in many other parts of North America in that the abdomen possesses fuscous

spots outlined laterad on the dorsum of the terga. For such taxa I propose the

subspecies name "fuscopunctata."

Of 20 male and 45 female specimens examined 2 males and 10 females

have the palpi infuscated at the apex and 4 females have humeral callosities

yellowish. The copulatory appendages of the male are illustrated in figures

6, 11, 19. The subspecies is recorded in the various collections from nearly

100 localities in California and from 30 counties.

Holotype and Allotype. S , 9 , Palm Springs, Riverside County, Cali-

fornia, 1.14.53 (P. H. Arnaud) PHA.
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Pegomya bicolor defecta Huckett, new subspecies.

Male. The subspecies P. b. dejecta is structurally similar to P. b. bicolor

(Wiedeman), from which it differs notably in the fuscous coloration of wings

and calyptrae. The frontal vitta and antennae are blackish, parafacials and

cheeks with seal brown pruinescence, palpi reddish to brownish tinged, mesono-

tum and scutellum blackish. The parafacials in profile are reduced to lineal

dimensions for the greater part.

HoLOTYPE. c^ , La Honda, San Mateo County, California, IV. 3.49 (P. H.

Arnaud) PHA. Paratype. U, Tillamook, Oregon, III. 26. 19 (A. C. Burrill)

HCH.

Pegomya setiventris flavivaria Huckett, new subspecies.

The California specimens of the subspecies P. s. flavivaria agree in many

respects with specimens described recently by me as P. s. setiventris occurring

in Alaska and Alberta. There are however certain differences or variations

between the two series pertaining to color, which I hold to be significant and

are stated in the following comparison.

The head of the male of P. s. flavivaria has the third antennal segment

partly yellowish, palpi entirely yellow or fulvous, and as in P. s. setiventris

each palpus is scarcely longer than the third antennal segment; thorax in

the male of P. s. flavivaria entirely yellow; abdomen yellow, reddish yellow,

or partly blackish, with or without trace of dark posterior incisures on one

or more terga, and as in the male of P. s. setiventris the bristling is notably

more profuse and longer laterad on the dorsum than that mesad. The hind

tibia in the male of P. s. flavivaria has a mid anteroventral bristle, in contrast

to its absence in the holotype of P. s. setiventris.

In comparison, all specimens of P. s. setiventris from the above northern

regions have the third antennal segment entirely blackish, palpi infuscated

on distal half, mesonotum gray except for partly yellowish humeral callosities

and scutellum, abdomen with dark tergal incisures.

Holotype. S , Plaskett Meadows, NW. corner of Glenn County, California,

VII.28.60 (H. B. Leech) CAS. Paratypes. CALIFORNIA: IS, Susan River

Camp, Lassen County, VII.9-10.49 (A. T. McClay) UCD; 1 S , Giant Forest,

Tulare County, VII.23.23 (C. L. Fox) CAS.

Hydrophoria pilipyga Huckett, new species.

Male. Black, shiny, interfrontalia in type reddish, with pale pruinescence

when seen from below, parafacials and cheeks deep red and velvety when seen

from above, antennae black, palpi blackish, proboscis polished; mesonotum

seen from in front with brownish dust, seen from behind with a broad black

median vitta and blackish declivities, scutellum blackish; abdomen lustrous,

with whitish pruinescence and a narrow black dorsocentral vitta, basal sclerite
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of hypopygium drab on dorsum, black and polished laterad. Legs blackish, mid

and hind tibiae more or less tinged with rufous. Wings clear in type, veins

dark brown, calyptrae whitish, knobs of halteres purplish.

Eyes at narrower part of frons separated by a distance about equal to

that between the posterior ocelli, parafrontals separated by linear interfrontalia

caudad, series of bristles continued to level with apex of ocellar triangle,

caudal pairs setulose, parafacials and broader part of cheek below eye slightly

less in width and height respectively than width of third antennal segment,

longer aristal hairs longer than half the width of the third antennal segment,

palpi slender; mesonotum with two series of fine hairlike acrosticals and

interserial hairs shorter, prealars short, notopleural depression hairless,

hypopleura with a few hairs on the upper border cephalad of the spiracle,

sternopleurals 2:2, ventral anterior bristle weak; abdomen plump and

stocky, marginal bristles of tergum 5 long and slender, basal sclerite of

hypopygium with several fine short bristles, anal sclerite with short fine

setulae, anal cleft much reduced and small, cerci with a dense tuft of fine

hairs, gonostyli viewed laterad broad throughout, slightly longer than wide,

apical margin truncate and rounded, processes of sternum 5 short and tapering

apicad as viewed in profile, clothed with fine slender setulae and with a tuft

of fine hairs at base of each inner border.

Fore tibia with a weak mid anterodorsal, 1 fine posteroventral, mid femur

with 2 or 3 short prebasal anteroventrals, 5 or 6 slender posteroventrals on

proximal half, mid tibia with 2 anteroventrals, 1 strong anterodorsal, 2 postero-

dorsals, 2 weak posteriors, 1 posteroventral, hind femur with a full series of

slender anteroventrals, bristles shorter at base which has several accessory

bristles, with 5 or 6 fine posteroventrals, many of which are not longer than the

height of the femur where situated, hind tibia with 4 anteroventrals, 3 longer

and 4 or 5 short anterodorsals, 3 posterodorsals.

Wings with costal setulae and thorns weak, in-cu cross veins oblique and

sinuate.

HoLOTYPE. S , Kings Creek Meadow, Lassen National Park, Shasta

County, California, VII.23.50 (P. H. Arnaud) CAS.

The male of H. piltpyga may be separated from allied forms, having only

shortened setae clothing anal segment of male, by the dense tuft of fine short

hairs on the cerci. In the type specimen most of the posteroventral bristles

on the hind femora are short and weak.

Hydrophoria rotundata Huckett, new species.

Male. Black, subshining, head and it appendages blackish, interfrontalia

seen from below with whitish pruinescence, parafrontals seen from above

silvery, cheeks whitish, proboscis polished; mesonotum seen from in frpnt

with sparse brownish dust, seen from behind with broad black median vitta
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and blackish declivities, scutellum black; abdomen black, lustrous, with scant

whitish pruinescence and a blackish dorsocentral vitta, the latter gradually

tapering caudad, basal sclerite of hypopygium polished, black. Legs black,

pulvilli white. Wings clear, calyptrae white, halteres purple.

Eyes at narrower part of frons separated by a distance equal to that

between posterior ocelli, parafrontals separated caudad by linear interfrontalia,

series of bristles continued caudad to a level with apex of ocellar triangle,

profrons about as long and parafacials slightly narrower than width of third

antennal segment, cheeks foreshortened below eye, tapering sharply caudad,

jowl or bucca and vibrissal border well bristled, longer aristal hairs nearly as

long as width of third antennal segment; mesonotum and scutellum profusely

setulose, acrosticals and interserial setulae slender and diffuse, prealars short,

notopleural depression hairless, hypopleura with hairs on upper border cephalad

of spiracle, sternopleurals 1:2; abdomen short and plump, truncate at apex,

terga 4 and 5 clothed with much longer bristles and setulae than on terga

1 + 2 and 3, basal sclerite of hypopygium with several fine shorter bristles

on dorsum, anal sclerite with short fine bristles that become increasingly

coarse and dense caudomesad, gonostyli sharply attenuated and pointed at

apex, processes of sternum 5 similar to those of H. altilega Huckett, broad at

base and tapering distad, weakly bristled and with a fringe of slender setulae

on proximal half of inner border.

Fore femur with a median series of longish setulae on anterior surface,

fore tibia with weak anterodorsal, 1 or 2 posteroventrals, mid femur with an

extensive series of shorter slender anteroventrals, and longer posteroventrals

on the proximal half, bristles becoming finer and shorter distad, mid tibia with

1 anteroventral, 1 anterodorsal, 1 longer and 1 shorter posterodorsal, 2 or 3 short

proximal posteriors, 1 posteroventral, hind femur with a full series of long

anteroventrals, with a duplicating series on the proximal two-thirds, with fine

slender posteroventrals, hind tibia with 4 or 5 anteroventrals, 2 longer and

7 or 8 shorter anterodorsals, 3 or 4 posterodorsals.

Wings with costal setulae weak, costal thorns short, ni-cu cross veins

oblique and sinuate, lower calyptral scale protruded beyond margin of upper.

Female. Interfrontalia with a reddish patch at base of antennae, blackish

caudad, parafrontals brownish, slightly puffy caudad and thereat profusely

setulose, interfrontalia with a robust and weak pair of cruciate bristles, caudal

pair of ocellar bristles lengthy and directed outward, parafacials and cheeks

fully as broad and high respectively as width of third antennal segment;

mesonotum and scutellum less profusely setulose, scutellum paler laterad;

abdomen with a partial series of discal bristles on tergum 4 and with several

on tergum 5, terminal sclerites of ovipositor with fine setulae. Mid femur with

anteroventrals and posteroventrals shorter and less profuse, mid tibia with one

bristle on the anteroventral, anterodorsal, posterodorsal and posteroventral
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respectively, and 2 posteriors, hind femur with single series of anteroventrals,

and lengthy posteroventrals.

Length, 6 to 7 mm.
HoLOTYPE. c^ , Hat Lake, Lassen National Park, Shasta County, California,

VI. 14.41 (C. D. Michener) USNM. Allotype. ?, Ellery Lake, Tioga Pass,

9,400 feet, Tuolumne County, California, Vn.3.27 (J. M. Aldrich) USNM.
Paratypes. 1 i , McBride Campground, 4 road miles E. of Shasta City, Siskiyou

County, Cahfornia, VIL23.62 (D. C. Rentz, C. D. MacNeill) CAS; 16, Fish

Lake, 7,000 feet, Steens Mountains, Oregon, VII. 11.27 (H. A. Scullen) HCH.
The males of H. rotundata and H. pilipyga (p. 272) are of similar habitus,

both having a short rotund abdomen and extensive series of parafrontal bristles

that continue caudad as bristles of a setulose nature. The males of the two

species may be separated by differences in the bristling and structure of

copulatory appendages.

Leucophora haustellaris Huckett, new species.

Male. Parafrontals, parafacials and cheeks whitish pruinescent, the latter

two with reddish reflections, interfrontalia whitish pruinescent when seen from

below, region of vertex brownish, occiput gray, antennae blackish, palpi dark

brown, haustellum dull; mesonotum and scutellum brownish, shiny, the former

with faint median stripe; abdomen drab, shiny, with brown dorsocentral vitta,

which when viewed from behind becomes obscured on anterior half of terga 3,

4, 5 owing to a dark patch of shifting or reflective nature, caudal margins of

terga pale brown. Femora grayish black, tibiae brown, tarsi dark brown.

Wings faintly tinged, brownish basad, calyptrae tinged, knobs of halteres dull

yellow.

Head with narrower part of parafrontals about as wide as distance between

posterior ocelli, interfrontalia uninterrupted caudad and without cruciate

setulae, parafrontals with 7 pairs of weak bristles, the series extended caudad

to level with apex of ocellar triangle, caudal pair of bristles proclinate, para-

facials slightly wider throughout than width of third antennal segment, cheeks

tapering caudad below eye, buccal region broad and vibrissal angle protruded

cephalad to a level beyond tip of profrons, marginal bristles weak, third

antennal segment slightly longer than broad, arista minutely haired, palpi

slender, haustellum slim; mesonotum and scutellum largely devoid of setulae,

acrosticals weak, paired, and in 2 close series, lower duplicating posthumeral

bristle and prealars absent, sternopleurals 1 : 2, presternum bare; abdomen

conical, bristles on dorsum weak, stronger laterad, processes of sternum 5

tapering distad, weakly bristled.

Legs weakly bristled and moderately slender. Fore tibia with 1 postero-

ventral, mid femur with 1 prebasal anteroventral and a proximal series -of

posteroventrals, mid tibia with 1 anterodorsal, 1 longer posterodorsal, 2
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posteriors, hind femur with full series of 8 or 9 anteroventrals, which become

shorter proximad, with a proximal series of setulose posteroventrals, hind tibia

with 3 anteroventrals, 2 or 3 anterodorsals, 2 or 3 posterodorsals, 3 or 4

posterior setulae.

Wings with costal setulae and thorns minute, veins i?4 + r,
and -Mi +2 parallel

to wing margin, ni-cu cross vein semierect, calyptrae subequal.

Length, 3.75 mm.
HoLOTYPE and Paratype. 2 £ S

, Mill Valley, Marin County, California,

III. 7.24 (M. C. Van Duzee) CAS.

Leucophora innupta Huckett, new species.

Female. In color and chaetotaxy resembling L. maculata (Stein), except

that abdomen is more extensively and heavily marked on dorsum. The frons

is wider than in L. maculata, becoming broader caudad than length of third

antennal segment, profrons and cheeks varying from as long and high

respectively to less in these respects than width of third antennal segment,

haustellum short, prealar bristle absent or pilose. Ovipositor with robust

recurrent spinules on anal palpi. Wings slightly brownish or smoky.

Length, 3 to 4 mm.
HoLOTYPE. 9 , Barton Flat, South Fork Camp, San Bernardino Mountains,

California, IX. 12.44 (A. L. Melander) USNM. Paratypes. CALIFORNIA:
1?, Tassajara, Contra Costa County, VIII. 15.39 (G. E. Bohart) 19, Lone

Pine, Inyo County, V. 2 1.37 (E. C. Van Dyke) 19, Pleyte, Monterey County,

V.21.20 (E. P. Van Duzee) 1 9 , La Mesa, San Diego County, IV. 11.33 (F. X.

Williams) all CAS; 19, 3.5 miles W. of Gordons W^ells, Imperial County,

IV.10.57, 29 9, Riverside, Riverside County, III. 24. 57 (both E. I. Schlinger)

19, Tanbark Flat, Los Angeles County, VI. 17. 56, 19, Carnelian Bay, Lake

Tahoe, Placer County, VI. 17. 58, 19, Sagehen, near Hobart Mills, Nevada

County, VII.9.54, 19, Independence Lake, Sierra County, VII. 27. 56, 19,

Hallelujah Junction, Lassen County, VI. 28. 62, 1 9 , Davis, Yolo County,

VI. 17. 58 (all R. M. Bohart) 19,2 miles N. of Blue Lakes, Alpine County,

VII. 17.60 (C. G. Moore) 99 9, Sonora Pass, 9,624 feet. Mono County,

VIII.20.60 (A. S. Menke) all UCD. OREGON: 19, Kiger Island, VI. 11.25

(J. Wilcox) 19, Lake of the Woods, Klamath County, VII. 20.30, 19, Sun

Creek Meadows, Crater Lake Park, 6,500-7,000 feet, VIII. 8.30, 19, Devils

Lake, 5,445 feet, Deschutes County, VIII.8.35 (all H. A. Scullen) USNM;
19, Hat Point, Wallowa County, VII.30.41 (M. and R. E. Rieder) HCH.
IDAHO: 19, Clementsville, VII.22.26 (R. W. Haegele) USNM. NORTH-
WEST TERRITORIES: 19, Reindeer Depot, Mackenzie Delta, VIII.13.48

(J. R. Vockeroth) CNC.
I have had many of these specimens on hand for several years expecting

that eventually the male would be found. Nothing has as yet been recognized
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as such by me. Hence, I am taking this opportunity of making known the

species as represented by the female sex.

Leucophora megacephala Huckett, new species.

Female. Interfrontalia reddish on cephalic half, parafrontals brownish

caudad, and gray on cephalic half, parafacials dull and with large brownish

fascia at base of antennae, cheeks largely reddish and with sparse whitish

pruinescence, second antennal segment reddish along distal border, third

segment blackish, arista orange, blackish at base, palpi brown, haustellum dull;

thorax gray and with brownish markings on dorsum and mesopleura,

mesonotum with dark stripes along planes of dorsocentral bristles, scutellum

gray laterad; abdomen gray with brownish marks on dorsocentral plane and

laterad on anterior half of terga 3, 4, 5. Wings yellowish brown, veins reddish

brown, membrane paler or partly clear basad, calyptrae whitish, with brownish

marginal hairs, halteres purplish.

Head with frons at vertex slightly wider than one-third maximum diameter

of head as seen from above, interfrontalia at middle of frons wider than length

of third antennal segment, cruciate bristles present, parafrontals with 7 or 8

pairs of short bristles, profrons slightly shorter in length than diameter of eye

immediately caudad, height of cheek slightly less than that of eye, parafacials

about as broad as length of second and third antennal segments, arista subnude,

slightly swollen at base, palpi slender, proboscis stocky; mesonotum with

closely set mid pair of presutural acrosticals, lower duplicating posthumeral

bristle present, notopleural depression without setulae, prealars about as long

or slightly longer than the posterior notopleurals, sternopleurals 2:2, proster-

num bare; abdomen lengthy and gradually tapering caudad, being fully as long

as thorax, with slender marginal bristles and discal setulae, terminal sclerites

of ovipositor with recurrent spinules.

Fore femur with median series of longish setulae on anterior surface, fore

tibia with 4 bristles at apex including a weak preapical anterodorsal, with a

weak mid anterodorsal and a slender mid posteroventral, mid femur with 2

weak prebasal anteroventrals, 6 or 7 slender posteroventrals, mid tibia with 1

mid anteroventral, 1 anterodorsal, 2 posterodorsals, 3 posteriors, hind femur

with 6 or 7 slender anteroventrals and 4 or 5 weaker posteroventrals, the

series in each case terminating near the base in fine setulose setae, hind tibia

with 3 anteroventrals, 4 or 5 anterodorsals, 4 posterodorsals, and with or

without 1 short posterior setula, preapical posterodorsal weak.

Wings with costal setulae and thorns weak, veins R4 + 7, and Mi + 2 slightly

divergent near wing margin, m-cu cross vein semierect and slightly sinuate,

calyptrae subequal. Length, 9 mm.
HoLOTYPE. 9, Humboldt County, California, V.14.11 CAS.
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The female of L. megacephala is conspicuous on account of its size and trie

prominence of the profrons, parafacials and cheeks.

Schoenomyza lispina nigriceps Huckett, new subspecies.

Male. Related to 5. lispina (Thomson) (= S. convexijrons Malloch).

Head brownish, thorax and abdomen grayish and marked as in 5. lispina.

Frons and face deep seal brown, the former when seen from in front with

golden sheen, parafacials and cheeks slightly paler, antennae black, palpi

fuscous; frons about as wide at vertex as its total length, parafrontals with

2 pairs of parafrontal bristles and one pair of recurrent paraorbitals. Legs

grayish black and with normal bristling, as in 5. lispina. Length, 3 mm.

HoLOTYPE. S , Humboldt or Siskiyou County, California, May or June,

1911 (Oldenberg Collection) CAS. Paratype. 1 c5 , same data as holotype, on

same mount with holotype, abdomen excised.

The male of 5. nigriceps, as represented by the types, differs notably

from that of S. lispina (sensu S. convexijrons Malloch) in coloration of head,

being entirely deep seal brown or blackish.

Coenosia (Limosia) fontana Huckett, new species.

Male. Gray, head with dull golden yellow tinge, occiput gray, interfrontalia

lightly dusted and with brownish sheen when viewed from in front, second

antennal segment gray and with pale yellowish apical spot, third segment

entirely yellow, first and second aristal segments yellow, third brown, palpi

yellow; thorax gray, mesonotum with yellowish tinge, unmarked; abdomen

whitish gray, unmarked, hypopygium partly yellowish, dorsal (cephalic)

border of anal segment (tergum 9) polished. Legs yellow. Wings and calyptrae

hyaline, knobs of halteres pale yellow.

Frons at middle as wide as distance between first pair of dorsocentral

bristles, anterior pair of ocellar bristles weak, third antennal segment short,

distance from its apex to oral margin equal to its width, parafacials narrow,

linear ventrad, cheeks as high as width of third antennal segment, arista

short pubescent to tip; mesonotum with stiffish setulae on anterior surface

of humeral callosities, with stubby pronotal pair of dorsocentral setulae, basal

pair of scutellar bristles shorter than half length of apical pair; abdomen

conical, with short marginal and discal bristles, hypopygium and processes of

sternum 5 weakly and sparsely bristled.

Legs weakly bristled; fore tibia with a mid posterior, mid femur without

a preapical anterior, mid tibia with a setulose anterodorsal, 1 posterior, apical

posteroventral weak, shorter than apical diameter of tibia, hind femur with 1

robust preapical and 2 weak basal anteroventrals, 1 mid and 1 basal postero-

ventral, hind tibia with a mid anteroventral and anterodorsal, preapical mid

dorsal set at a level slightly basad of the preapical anterodorsal.
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Wings with weak costal setulae, ultimate section of veins R^^-^ and Mi+o

subparallel to wing margin, the latter nearly 2.5 times as long as the penulti-

mate section, lower calyptral scale slightly longer than upper.

Female. Head with parafrontals, parafacials, cheeks and face yellowish

gray, interfrontalia reddish cephalad, darker caudad, mesonotum whitish gray,

with or without yellowish tinge; cheeks scarcely as high as width of third

antennal segment; abdomen subovate. Legs with stronger bristling, mid tibia

with a lengthy anterodorsal, apical posteroventral robust, as long or longer

than the apical diameter of the tibia, hind femur with 3 widely spaced

anteroventrals.

Length, 3.5 mm.
HoLOTYPE. S, Victorville, San Bernardino County, California, V.20.55

(W. R. Richards) CNC. Allotype. $, Deep Springs, Inyo County, California,

X.13.51 (E. L. Kessel) CAS. Paratypes. 9, Saratoga Springs, Death Valley,

Inyo County, California, V.30.53 USNM; 9, Glenwood, Utah, VIII. 12.36

(D. R. Lindsay) HCH.
The species C. jontana may be distinguished from similar forms by the

weak pair of basal scutellar and anterior pair of ocellar bristles. In the holotype

the head capsule, except for the occiput, is notably dull golden yellow; in

both sexes the entire third antennal segment and palpi are yellow.

Coenosia (Neodexiopsis) hilaris Huckett, new species.

Male. Pale gray, interfrontalia with sparse yellowish brown pruinescence,

parafacials and cheeks silvery, apical border of second antennal segment and

entire third yellow, palpi yellowish to brown; thorax whitish gray, mesonotum

with or without trace of brownish vittae; abdomen yellowish testaceous basad

and partly so ventrad, terga 4 and 5 mostly gray and each with a pair of weak

brownish spots and a faint darker dorsocentral streak, terga 1 + 2 and 3

darkened along median plane, or blackish, tergum 3 occasionally with trace

of paired spots, hypopygium with basal sclerite grayish, anal sclerite and

sternum 5 yellowish. Legs yellow, tarsi brownish. Wings hyaline, calyptrae

whitish, halteres yellow.

Frons at vertex slightly wider than the distance between the first pair of

dorsocentral bristles, frontal bristles slender, anterior pair of ocellar bristles

rather short, posterior pair directed outward, parafacials narrow, cheek as

high to slightly less so than the width of the third antennal segment, distance

from apex of antennae to oral margin fully equal to width of third antennal

segment, arista minutely pubescent; mesonotum with anterior setulae on

humeral callosities stiff and erect, pronotal pair of dorsocentral setulae

spinulose; abdomen conical, compact, with weak discal bristles on terga-

4

and 5, hypopygium and processes of sternum 5 sparsely and weakly bristled.
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Legs slender and with sparse slender bristles, fore tibia with 1 posterior,

mid femur with 1 or 2 mid anteriors. 1 or 2 weak prebasal anteroventrals, 2

or 3 longish posteroventrals, mid tibia with mid anterior and posterior, apical

posteroventral weak, hind femur with 4 widely spaced anteroventrals, 3 postero-

ventrals, hind tibia with 1 anteroventral, 1 anterodorsal, mid posterodorsal

absent in the type, tarsi slender.

Female darker gray, dorsum with sparse yellowish brown pollen, third

antennal segment grayish tinged on distal half, palpi brown, mesonotum with

3 faint brownish stripes; abdomen gray, with or without yellowish tinge basad,

with weak paired spots on terga 3, 4, 5, and that may become very faint on

tergum 5, with or without a dark dorsocentral streak. Legs colored and bristled

as in male type.

Length, 3.75 mm.
HoLOTYPE and Allotype, c^

, 2 , Sunnyside Canyon, W. side of Huachuca

Mountains, 6,000 feet, Cochise County, Arizona, VIII.4.52 (H. B. Leech)

CAS. Paratypes. ARIZONA: 2£ S, 2 9 9, same data as holotype; 19, same

locality as holotype, Vn.9.40 (R. H. Beamer) HCH; CALIFORNIA: 2SS,

19, Victorville, San Bernardino County, V.2.53 (G. A. Marsh, R. O. Schuster)

UCD; 19, same locality, V.20.55 (W. R. Richards) CNC; 19, Deep Spring

Lake, Inyo County, VI. 14.60 (H. K. Court) UCD; 19, Owens River, Inyo

County, no date, CAS.

The species C. hilaris in common with C. pectoralh Huckett and C. basalts

(Stein) has the abdomen in male yellowish testaceous basad. All the recorded

specimens of C. hilaris lack the mid posterodorsal on the hind tibia except

a male paratype from Arizona, and thereby usually differ from C. pectoralis

and C. basalts. Further in C. hilaris the third antennal segment is entirely

yellow in male and partly so in female.

Coenosia (Neodexiopsis) setilamina Huckett, new species.

Male. Gray-black, interfrontalia and inner border of parafrontals lightly

brownish dusted, ocellar triangle brownish, parafacials and cheeks whitish,

antennae grayish black, second segment with reddish dorsal spot, palpi dark

brown; mesonotum with dark streaks along planes of dorsocentral bristles;

abdomen with a pair of widely separated brownish marks on terga 3, 4, 5,

hypopygium and processes darker gray, anal segment polished on ventral

border. Coxae and fore femora blackish, mid and hind femora and all tibiae

fulvous, hind femora with a brownish abraded marking ventrad on distal half

of anteroventral and posteroventral surfaces, tarsi brown. Wings clear, faintly

yellowish basad, upper scale of calyptrae so tinged, lower hyaline, halteres

with knobs yellow.

Frons at middle about one-third maximum diameter of head as seen from

above, at vertex slightly narrower, ocellar triangle seen from behind slender
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and faintly extended to anterior border of interfrontalia, inner verticals robust,

outer pair shorter and weaker, parafrontals with 2 pairs of recurrent para-

orbitals and 5 pairs of diverse parafrontal bristles, anterior pair weak, ocellar

bristles slender, caudal pair outwardly directed, palpi fuscous, profrons and

cheeks wider and higher respectively than width of third antennal segment,

the latter slender, nearly 3 times as long as wide, and is pointed at apex of

dorsal (upper) margin, vibrissae strong and with 1 or 2 setulae immediately

dorsad, arista minutely pubescent; mesonotum with one strong pair of pre-

sutural dorsocentrals, and a weaker slender pair cephalad, about half the

length of the stronger pair, lower stigmatal bristle curved downward, scutellar

bristles long; abdomen compressed latcrad and deep, increasingly so caudad,

terga 4 and 5 with discal bristles and also laterad on tergum 3, marginal

bristles weak except dorsal pair on tergum 5, anal segment protruded, sub-

globose or knoblike, processes laminate and lengthy, with dense long bristles

along entire inner (ventral) border.

Fore tibia with a mid posteroventral, preapical posterodorsal well developed,

mid femur with anteroventrals and posteroventrals on the proximal half, with

a preapical anterior, mid tibia with 1 long and 1 short anterior and posterior

respectively, hind femur with 5 anteroventrals, 1 long mid posteroventral and

a weaker posteroventral proximad, with a preapical anterior and posterior,

hind tibia with 1 anteroventral, 1 long and 1 short anterodorsal and postero-

dorsal respectively, also a few coarse anterodorsal and posterodorsal setulae,

preapical posterodorsal as long as the preapical anterodorsal.

Wings with veins -R4 + 5 and Mi + 2 divergent at wing margin, m-cu cross

veins erect.

Female. Paler than male, subshining, palpi slender, proboscis polished;

dorsum of thorax and abdomen faintly brownish tinged, pleura gray, abdomen
with paired roundish reddish brown spots on terga 4 and 5, and usuall}^ on

tergum 3; coxae grayish black, concolorous with thorax, fore femora blackish,

yellowish at apex, mid and hind femora and all tibiae fulvous, hind femora

marked as in male, and in bristling of femora and tibiae similar. Knobs of

halteres yellow.

Length, 5 to 6 mm.
HoLOTYPE. i , Bijou, El Dorado County, California, VI. 24. 53 (P. H.

Arnaud) CAS. Allotype. 9, Cache Junction, Utah, VI. 11.34 (G. F. Knowlton,

W. P. Nye) CAS. Paratypes. CALIFORNIA: 19, Cottonwood Creek, 9,300

feet. Mono County, VII. 10.61 (J. S. Buckett) l£, 19, North Lake, Inyo

County, VI.30.61 (J. S. Buckett) UCD. OREGON: 19, Elgin, VI.20.32

(A. L. Levett) CAS. UTAH: 19, Petersboro, VI. 11.38, 19, Trenton, VI. 11.38

(both G. F. Knowlton, W. P. Nye) HCH.
The species C. setilamina may be readily separated from those belonging

to the subgenus Neodexiopsis by the bristling of the mid and hind tibiae. The
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male is notable for the subglobose conformation of the anal segment and the

dense bristling on the inner border of processes.

Phyllogaster albinepennis Huckett, new species.

Female. Pale gray and devoid of marking, or only faintly so, on thorax

and abdomen. Mesonotum with 4 pairs of postsutural dorsocentrals. Legs gray-

black, tarsi and palpi dark brown. Similar to the female of P. unica (Stein)

from which P. albinepennis may be distinguished, as females, by the whitish

wings, absence of subanal recurrent spinules on ovipositor, presence of a mid

posterior on the fore tibia, absence of an anterior on the mid tibia, presence

of 2 anterodorsals on the hind tibia, and by its slightly larger size, averaging

5 mm. in length.

HoLOTYPE. 9, Thousand Palms, Riverside County, California, III. 13.55

(J. E. H. Martin) CNC. Paratype. CALIFORNIA: 19, same locality as

holotype. III. 18.55 (W. R. M. Mason) CNC; 1?, Hunter's Spring, Riverside

County, V.10.52 LTCB; 1?, Trona, San Bernardino County, IV. 25.37, on

creosote bush (F. B. Foley) CAS.

Lispocephala acuticauda Huckett, new species.

Male. Gray-black, subshining, interfrontalia blackish, frontal triangle

densely pruinescent, reaching anterior border of frons, parafacials silvery

pruinescent, second antennal segment fulvous, third gray-black, yellowish

tinged at base of inner surface in type, palpi yellow; mesonotum with brownish

stripes along series of dorsocentral bristles, and weakly so along median plane

in paratype; abdomen concolorous with thorax and with paired spots on terga

3, 4, 5. Femora black, narrowly yellowish at apices, tibiae more or less fuscous,

tarsi reddish brown, wings "water" clear, veins dark brown, calyptrae whitish,

knobs of halteres dull yellow and faintly tinged.

Head with longer aristal hairs slightly shorter than half width of third

antennal segment; thorax with lower stigmatal bristle sloping forward and

curved downward at apex; abdomen with cerci and processes of sternum 5

similar to those of L. nearctica Huckett, cerci flat and elliptical in outline as

viewed from above, narrower toward apex, processes shiny black and sharply

attenuated distad, appearing curved and hooklike when viewed laterad, fringed

with slender setulae, proximal half of process grayish and expanding to unite

with an enlarged basal plate.

Fore tibia without mid posterior, mid femur with an extensive series of

slender anteroventral setulae and a proximal series of slender posteroventrals,

mid tibia with 1 mid posterior, hind femur with 3 widely spaced anteroventrals,

of which the prebasal much the shorter, with 1 proximal posteroventral, hind

tibia with 1 anteroventral, 2 anterodorsals, 2 short fine posterodorsals and

a short apical posteroventral. Tarsi slender.
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Length, 4 mm.
HoLOTYPE. c^, Ruby Lake, Inyo County, California, VIII. 13.57 (J. Powell)

UCB. Paratype. 1 i
, same data as holotype (D. D. Linsdale) UCB.

The male of L. acutkauda may be separated from that of L. nearctica by

the blackish third antennal segment and slightly darkened tibiae.

Lispe approximata Huckett, new species.

(Figure 26.)

Male. Black and with whitish pruinescence, parafrontals and frontal

triangle brownish, parafacials silvery, seen from in front with shifting silvery

spot opposite base of antennae, cheeks not so silvery, face with dull golden

sheen, second antennal segment velvety black, third gray-black, palpi largely

purple to blackish, rufous mesad; mesonotum seen from in front sparsely

dusted, whitish and without stripes, seen from behind blackish, subshining

and with darker presutural stripes on planes of dorsocentral bristles; abdomen

whitish, terga 3 and 4 with trace of brownish laterad along caudal margin, and

with a faint dorsocentral streak, tergum 5 yellowish brown, caudal border

darker and with a pair of shiny dark brown marks, hypopygium deep black,

with a median white spot on dorsum. Legs black, tibiae with grayish sheen,

tarsi dark brown on dorsum, reddish on venter, pulvilli short, brownish.

Wings clear, hyaline basad, calyptrae whitish, margins brownish, knobs

of halteres purple.

Parafrontals setulose, interfrontalia in type at level with anterior ocellus

as wide as the distance between the first pair of dorsocentral bristles, caudal

pair of ocellar bristles erect, parafacials at middle, viewed from above, scarcely

as wide as distance between posterior ocelli inclusive, with a few hairs on

ventral half, bare dorsad, vibrissae well developed, longer than parafrontal

bristles, palpi broadly and abruptly dilated; mesonotum with acrosticals

setulose except caudal pair, with numerous interserial setulae, with 2 pairs

of presutural and 3 pairs of postsutural dorsocentrals, scutellum profusely

setulose on dorsum and declivities, mesothoracic spiracle nonenlarged, peritreme

brownish, hypopleura with a few weak hairs near middle, on upper border,

and on ventral angle adjoining hind coxae; abdomen subovate, tergum 5 with

a series of discal and marginal bristles, basal sternum setulose, sternum 5

weakly notched at middle of caudal margin, the latter evenly truncate laterad

and with several fine bristles (fig. 26).

Fore tibia with an anterodorsal series of 3 or 4 weak bristlelike setulae,

apical posteroventral weak, mid femur with proximal anteroventral and

posteroventral series of fine short bristles, mid tibia with 1 long anterodorsal

and 1 shorter anterodorsal on distal half exclusive of preapical, 1 posterior,

ventral surface coarsely setulose on distal half, hind femur with 6 or 7 antero-



284 CALIFORNIA ACADEMY OF SCIENCES [Proc. 4th Ser.

ventrals, extending in a series to the basal region and gradually becoming

weaker and sparser, with a few fine prebasal posteroventrals, hind tibia with

1 long mid anterodorsal and 3 or 4 weaker bristly setulae on the same plane,

with an extensive series of longish posterior setulae. Mid tarsal segments 3 and 4

with fine apical posterior thorns.

Length, 7 mm.
Female. Thorax more densely whitish gray, abdomen with terga 3 and 4

grayish and with a dorsocentral stripe, ovipositor grayish, mid and hind tarsi

in allotype reddish tinged; eyes sparsely haired, tibiae with shorter setulae,

mid tibia with 1 mid anterodorsal and 1 mid posterior, hind tibia with 1 mid

anterodorsal, tarsi normal.

Length, 9 mm.

HoLOTYPE. c^ , Salt Marshes, Palo Alto, Santa Clara County, California,

V.23.21 CAS. Allotype. 2, Heppner Junction, Oregon, VIL7.29 (H. A.

Scullen) CAS.

The species L. approximata may be linked with L. sordida Aldrich, from

which it differs in having only 1 posterior bristle on the mid tibia, and in the

male by the longer second mid tarsal segment. From L. salina Aldrich the

species differs in color of palpi, hairless dorsal half of parafacials, and in the

male by the restricted notch of sternum 5.

Lispe desertorum Huckett, new species.

(Figure 25.)

Male. Slightly teneral; whitish gray, parafacials and cheeks silvery

pruinescent, face with dull golden sheen, second antennal segment black, third

grayish black, palpi yellow; thorax whitish gray, with a trace of interserial

streaks between respective series of acrosticals and dorsocentrals on the pre-

sutural region; abdomen concolorous, with 2 small brownish marks on terga

3 and 4 (one of which on tergum 3 is obscured), with median brownish mark

on anterior half of tergum 5, hypopygium sooty black and with chalk white

marking extended laterad on anterior border, the whole region becoming whitish

in shifting lights. Femora grayish black, tibiae brownish and reddish basad,

tarsi dark brown, pulvilli small, brownish. Wings clear, calyptrae whitish,

halteres broken off.

Parafrontals sparsely setulose, parafacials bare on dorsal half and with

sparse weak hairs ventrad, third antennal segment fully twice as long as

wide, vibrissae well developed, palpi broadly and abruptly dilated; mesonotum

sparsely setulose, with 2 pairs of presutural and 3 pairs of postsutural dorso-

centrals, hypopleura hairless; abdomen subovate, with 2 discal bristles laterad

on terga 4 and 5 respectively, and a more extensive series of bristles along

the caudal margin of tergum 5, sternum 5 with a small median process on
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caudal margin, the latter truncate laterad and bordered with weak bristles

(fig. 25).

Mid and hind femora weakly and sparsely bristled, fore tibia without

mid posteroventral, mid femur with few weak posteroventrals, mid tibia with

1 anterodorsal and 1 posterior, hind femur with 3 or 4 short anteroventrals

on distal half, the series becoming setulose or absent on the proximal half,

2 fine short posteroventrals, hind tibia with 1 mid anterodorsal.

Female. Slightly darker than male, frons, mesonotum and scutellum of

allotype with yellowish brown infuscation, abdomen whitish gray and un-

marked, knobs of halteres purplish; mesonotum with stiff stumpy setulae.

Length, 5 mm.
HoLOTYPE. S, Potholes, Imperial County, California, IV. 12.23 (E. P. Van

Duzee) CAS. Allotype. 9, Needles, San Bernardino County, California,

11.18.15 (M. C. Van Duzee) CAS.

The male of L. desertorum may readily be distinguished by the structure

of sternum 5 of abdomen. The female, as in the male, has few short antero-

ventral and posteroventral bristles on mid and hind femora. The hypopleura

lack any trace of hairs.

Limnophora invada Huckett, new species.

Male. Cinereous gray, head with appendages black, palpi brown,

haustellum polished; mesonotum seen from behind with a broad median stripe

and sublateral marks on the presutural region, the stripe separated from

lateral markings by pale intervening stripes, postsutural region with a broad

dark band or collar across the anterior half that e.xtends as markings latero-

caudad to the base of the wings and weakly to the supraalar callosities, and

as a narrow median vitta to the base of the scutellum, remainder of mesonotum

gray, including the scutellum, the latter having a small basal mark on dorsum,

metathorax leaden gray; abdomen concolorous, with paired brownish marks on

terga 1 + 2, 3 and 4, restricted to dorsum. Femora blackish, tibiae reddish

brown, tarsi dark brown, pulvilli tinged. Wings faintly tinged, calyptrae

whitish, knobs of halteres yellow.

Narrower part of frons as wide as distance between posterior ocelli inclusive,

interfrontalia uninterrupted caudad, parafrontals with 4 or 5 pairs of diverse

bristles, extending caudad in series to middle of frons, anterior pair well

developed, remainder becoming successively weaker and shorter caudad, with

a pair of fine setulae opposite apex of ocellar callosity, parafacials and cheeks

narrow, epistoma extended cephalad to beneath apex of antennae, the latter

separated basad by a roundish facial bulge, arista pubescent, longer hairs longer

than half width of third antennal segment, acrosticals short, in paired series

and lacking interserial setulae, with 3 pairs of postsutural dorsocentrals,
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anterior intraalar bristle present, weak; abdomen with subtriangular marks

and profusely bristled on venter.

Fore tibia without posterior, mid femur with proximal series of slender

anteroventral setulae, 4 posteroventrals, mid tibia with 1 posterior, hind femur

with 5 anteroventrals on distal half and 5 posteroventrals on proximal region,

the longer posteroventral fully as long as maximum height of femur, hind

tibia with 1 anteroventral and 1 anterodorsal, tarsi slender, pulvilli long.

Wings with vein Mi + 2 curved forward on approaching wing margin, m-cti

cross vein suberect.

Female. Markings chestnut or reddish brown, mesonotum with 3 broad

well etched stripes, median continued to base of scutellum, laterals slightly

constricted at transverse suture and forked caudad, the upper or discal branch

ending before reaching supraalar callosity; abdomen with paired marks on

terga 1 + 2, 3 and 4, those on the latter two terga broadly arcuate and mainly

restricted to posterior region, tergum 5 with a median vitta and with or

without paired spots; anterior intraalar bristle short, mid femur with 3 or 4

weak posteroventrals, mid tibia with 1 posterior, hind femur with 2 or 3

anteroventrals distad, 3 or 4 fine posteroventrals, hind tibia with 1 antero-

ventral, 1 anterodorsal, pulvilli small.

Length, 6 to 6.5 mm.
HoLOTYPE and Allotype, o

, 9 , Palm Springs, Riverside County, Cali-

fornia, 1.12.53 (P. H. Arnaud) PHA. Paratypes. CALIFORNIA: 19, same

data as holotype, 2 9 9, same locality as holotype, XII.25. 52 (P. H. Arnaud)

PHA; 15,499, Thousand Palms, Riverside County, III.18.55 (D. F. Hard-

wick), is, same locality, IV. 25. 55 (W. R. M. Mason), 4 9 9, 1000 Palms

Oasis, Thousand Palms, Riverside County, III. 10.55, IS, same locality,

III. 18. 55 (W. R. M. Mason), I $ , 1 9 , Willis Palms Oasis, Thousand Palms,

Riverside County, III.8.55 (W. R. Richards) CNC; IS, Morongo, San

Bernardino County, IX.26.44 (A. L. Melander) USNM.
The species L. invada has the habitus of L. corvina (Giglio-Tos), from

which it differs in having 3 pairs of postsutural dorsocentral bristles, and wider

frons in male; from L. garrida (Giglio-Tos) by its smaller size, and in having

posteroventral bristles on hind femur.

Helina platykarenos Huckett, new species.

Male. Brownish gray, pleura gray, parafacials with brownish velvety

pruinescence, parafrontals and cheeks duller, interfrontalia black from above,

with brown sheen, when seen from in front, second antennal segment fuscous,

reddish on anterior border, third segment black, palpi brown, paler proximad;

mesonotum with 2 submedian brown stripes that terminate caudad at a level

near middle of postsutural region, outer pair of stripes as seen from behind

weak, incomplete in holotype, scutellum reddish yellow on apical region:
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abdomen brownish gray, with pair of brown marks on terga 3 and 4. Legs

fulvous, fore femora infuscated on posterior surface except at apex, tarsi

brown. Wings grayish tinged, cross veins clouded, calyptrae brownish tinged,

knobs or halteres yellow.

Eyes bare, frons and interfrontalia broad caudad, the former wider at

middle than distance between first pair of dorsocentral bristles, the latter as

wide thereat as length of third antennal segment, cruciate bristles absent,

verticals and anterior pair of ocellar bristles strong, parafrontals narrow and

bristled as in female, profrons and cheeks slightly longer and higher respectively

than width of third antennal segment, the latter about 2.5 times as long as

wide, longer aristal hairs slightly longer than half width of third antennal

segment; mesonotum with presutural acrosticals setulose and with numerous

interserial setulae, 3 pairs of postsutural dorsocentrals, prealars short, sterno-

pleurals 2 : 2\ abdomen conical, tergum 5 with numerous discal bristles,

hypopygium and processes of sternum 5 in holotype obscured.

Fore tibia without mid posterior, mid femur with 3 or 4 posteroventrals,

and slender posteroventral setulae on distal half, with preapical anterodorsal,

mid tibia with 2 posteriors, hind femur with 7 or 8 anteroventrals on distal

half and much shorter setulose anteroventrals on proximal, with series of weak

posteroventrals on proximal three-fourths of femur, hind tibia with series of

8 or 9 anteroventrals on distal two-thirds, bristles gradually becoming shorter

distad, those nearer proximal region over twice as long as tibial diameter

thereat, those apical shorter than diameter of tibia, posteroventral surface

with denser series of diverse more slender bristles on distal three-fourths of

tibia, the bristles becoming gradually shorter distad, with 1 mid anterodorsal,

proximad and distad of which is a series of slightly longer stronger anterodorsal

setulae.

Wings with costal setulae coarsened, costal thorn as long as humeral cross

vein, m-cu cross vein suberect, bowed inward at middle, veins -R4 + 5 and M1+2
gradually divergent toward wing margin.

Female. Presutural acrosticals fine and slender, bristly, fore tibia with

mid posterior, mid tibia with 3 posteriors, hind femur with 7 irregularly spaced

anteroventrals, becoming weak on proximal fourth, 2 or 3 weak short proximal

posteroventrals, hind tibia with 4 anteroventrals, the preapical minute, 2

anterodorsals.

Length, 7 to 7.5 mm.
Holotype and Allotype, c?

, 9, Leavitt Meadow, 7,200 feet. Mono
County, California, Vin.13.63, at flight trap (H. B. Leech) CAS.

The male of H. platykarenos has the wide frons and interfrontalia of

H. spinosa (Walker) from which it may be separated by the bristling of hiiwl

tibiae. The female has many of the characters pertaining to H. humilis (Stein),
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differing mainly in its duller color, denser clouding of cross veins, and in

having 2 anterior sternopleural bristles.

Helina polychaeta Huckett, new species.

Male. Gray-black, parafrontals, parafacials, and cheeks silvery pruines-

cent and with dark reflections, first and second antennal segments yellowish

brown, third segment gray-black, palpi light brown and infuscated at apex;

mesonotum seen from in front with 3 grayish black stripes, from behind with

4 incomplete interserial brown stripes, inner pair terminating caudad at level

across middle of postsutural region; scutellum gray and partly brownish on

dorsum; abdomen concolorous with thorax, brownish caudad, with a pair of

ill-formed brown marks on terga 3 and 4. Legs fulvous, fore femora darkened

dorsad, anterior surface of coxae partly grayish, tarsi dark brown, pulvilli

whitish. Wings clear, veins dark brown, paler basad, r-ni cross veins densely

infuscated, m-cu cross vein evenly clouded, calyptrae whitish, knobs of hal teres

yellow.

Eyes bare, postocular setulae short, frons at middle slightly wider than

breadth of third antennal segment, interfrontalia thereat linear and separating

parafrontals, anterior pair of ocellar bristles weak, 4 pairs of parafrontal

bristles, profrons and parafacials in profile narrow, cheek as high as width

of third antennal segment, marginal bristles weak, vibrissae robust, longer

aristal hairs slightly longer than half width of third antennal segment, palpi

slender; mesonotum with weak regularly paired acrosticals and interserial

setulae, prealars weak, 3 pairs of postsutural dorsocentrals in holotype, sterno-

pleurals 1:2; abdomen conical, basal sternum bare, sternum 5 weakly bristled.

Fore tibia with 1 weak mid anterodorsal and 1 mid posterior, mid

femur with 2 or 3 posteroventrals and anterior preapical, mid tibia with 2 or 4

posteriors, all short, hind femur with a series of 2 or 3 stronger and 2 or 3

weaker anteroventrals on distal half, with no posteroventrals except a weak

apical, hind tibiae respectively with 5 and 9 anteroventral slender bristles on

distal two-thirds, a few of which are slightly longer than diameter of tibia

where situated, with an opposite series of 10 to 12 longer posteroventrals,

most of which are nearly twice as long as diameter of tibia where situated,

also with 3 anterodorsals. Wings with costal setulae weak, costal thorn as long

as humeral cross vein, m-cu cross vein erect, veins i?4 + .-, and Mi + 2 divergent

toward wing margin.

Length, 5 mm.
Holotype. 6, Leavitt Meadow, 7,200 feet, Mono County, California,

Vin.12.63, at flight trap (H. B. Leech) CAS.

The male of H. polychaeta closely resembles that of H. obscurincrvis (Stein),

from which it may be separated by the longer series of longer bristles on postero-

ventral surface of hind tibia.
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Mydaea pilifera Huckett, new species.

Male. Black, shining, parafrontals, parafacials and cheeks black, or brown

when teneral, the two former with silvery pruinescence, second antennal segment

fuscous or brown, third segment grayish black and faintly reddish at base,

palpi blackish, proboscis dull; mesonotum and scutellum viewed from in front

black, glossy, with darker stripes obscured, apical region of scutellum gray

and dull, viewed from behind densely grayish pruinescent, with faint darker

inner lines adjacent respective series of dorsocentral bristles, with broader

stripes between respective series of dorsocentral and intraalar bristles, scutellum

blackish and shiny along declivities and apicad; abdomen black, densely yellow-

ish or whitish pruinescent, with a linear dorsocentral vitta, becoming broader

on terga 1 + 2. Fore and mid coxae blackish on anterior surface, hind coxae

brownish, fore femora more or less infuscated or browned, fulvous on distal

third, mid and hind femora and all tibiae fulvous, tarsi blackish or dark brown,

pulvilli tinged. Wings smoky, veins dark brown, paler proximad, calyptrae

yellowish, knobs of halteres yellow.

Eyes large, bare, closely and extensively approximate across frons. separated

at narrower part of frons by a distance equal to diameter of anterior ocellus,

parafrontals with 6 pairs of bristles on cephalic half, profrons and cheeks in

profile about as wide and high respectively as half width of third antennal

segment, parafacials linear, third antennal segment lengthy, apex nearly reach-

ing oral margin, longer aristal hairs fully equal in length to width of third

antennal segment; mesonotum with wide series of piliform hairs clothing broad

median vitta, 4 pairs of postsutural dorsocentrals, prealars longer than posterior

notopleurals, sternopleurals 1:2, hypopleura with 1 or 2 weak hairs immediately

dorsad of hind coxae; abdomen with sternum 5 broadly and deeply notched,

processes with a few slender bristles, bare and shiny on apical region.

Femora with fine bristles, fore tibia without posterior, mid femur with a

proximal series of longer posteroventrals and shorter anteroventrals, with 2

preapical anteriors, mid tibia with 3 posteriors, hind femur with a full series

of anteroventrals, those on proximal half finer and shorter, about as long

as height of femur where situated, with extensive series of fine posteroventrals,

hind tibia with 2 anteroventrals, 2 anterodorsals, and a median series of semi-

erect posterior setulae.

Wings with costal setulae and thorns weak, minute, m-cii crossvein sub-

erect, vein i?4+5 divergent at wing margin.

Female. Abdominal stripe linear or more diffuse, fore femora partly in-

fuscated or entirely fulvous, wings clearer; frons at vertex as wide as distance

between first pair of dorsocentral bristles, mid femur with fewer and weaker

anteroventrals and posteroventrals, restricted to proximal third, mid tibia with

3 posteriors, hind femur with anteroventral series continued on proximal

two-thirds as very short fine bristles, with 1 or 2 fine weak posteroventrals
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on proximal third, hind tibia with 1 or 2 anteroventrals. 2 or 3 anterodorsals.

Length^ 5 to 6 mm.
HoLOTYPE. S, Saddleback Mountain, Lincoln County, Oregon, VII. 28. 61

(J. C. Dirks-Edmunds) CAS. Allotype. 9, same locality as holotype, VII. 8. 61

(J. C. Dirks-Edmunds) CAS. Paratypes. ALBERTA: 15, Edmonton,

VI. 22.36, 19, same locality, VI. 10.37, 19, Wabamun, VIII. 2.38 (E. H. Strick-

land) CNC. WASHINGTON: 19, Preston, \.22.32 (C. H. Martin) HCH.
OREGON: 1 c^ , Alsea Mount, 1,000 feet, VI.2.29 (H. A. Scullen) CAS.

CALIFORNIA: IS, Rowdy Creek, Smith River, Del Norte County, VII. 11.30

(J. M. Aldrich) USNM; 1 9 , Fort Seward, Humboldt County, V.25.3S (E. O.

Essig) CAS; 19, Mill Valley, Marin County, IX.11.4S (E. L. Kessel) CAS;

19, same locality, X.8.54, 1 c^ , Ross, Marin County, V.25.55 (H. L. Mathis)

UCD.
The species M. pilijera possesses the habitus of M. narona Snyder, from

which it may be separated by the longer prealar bristle, finer nature of bristles

on femora, and by the darker wings in the male.

Xenomydaea armatipes fuscipes Huckett, new subspecies.

Male and Female. Agreeing in structure and bristling with that of

X. armatipes (Malloch), but differing in the more extended darkening of

femora and tibiae. The femora in X. fuscipes are all blackish except a limited

area ventrad on distal third that is reddish, and which in the female is extended

to include the apical region. The tibiae are successively darker from hind to

fore legs, hind pair being rufous or reddish, or yellowish brown in female, and

fore pair largely fuscous or blackish. In addition the calyptrae in both sexes

are a darker shade than in X. armatipes, being yellowish brown to pale brown.

Length, 8 to 9 mm.
Holotype. c^

, Mill Valley, Marin County, California, III. 16. 19 (E. P.

Van Duzee) CAS. Allotype. 9, Berkeley, Alameda County, California,

IV. 23.35 (G. E. and R. M. Bohart) CAS. Paratype. 19, Copper Mine Gulch,

Marin County, California, III.4.61 (R. Brown) CAS.

Xenomydaea maculipennis Huckett, new species.

Male. Black and with whitish pruinescence, parafacials silvery, cheeks

blackish and lightly dusted, interfrontalia uniformly broad and black, ocellar

triangle shiny, antennae and palpi black, proboscis dull; mesonotum viewed

from in front with two broad blackish interserial vittae between the respective

series of acrostical and dorsocentral bristles, terminating cephalad on posterior

border of presutural region, upper border of lateral declivities broadly blackish,

scutellum blackish on basal angles; abdomen with blackish shifting reflections,

nonstriped. Legs black, pulvilli whitish. Wings brownish tinged, denser basad,

veins brown, r-m and m-cu cross veins clouded; calyptrae white, margins pale

yellow, knobs of halteres dark purple.
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Eyes bare, narrower part of frons as wide as length of third antennal

segment, the latter slightly shorter than twice length of second segment,

parafrontals with 6 pairs of bristles, those caudad weaker and extending in

series to a level with apex of ocellar triangle, profrons much longer than width

of third antennal segment, cheek about as high as length of the latter, vibrissal

region with short coarsened setulae, arista subnude; mesonotum with acrosticals

fine and slender, with numerous interserial setulae, 3 pairs of postsutural dorso-

centrals, prealars weak, short, sternopleurals 2:2, hypopleura bare; abdomen

with sternum 1 hairless, sternum 5 deeply notched, and with a few lengthy

slender bristles on processes.

Fore tibia without mid bristles, mid femur with a proximal series of longish

posteroventrals and shorter finer anteroventrals, with a preapical anterior, mid

tibia with 2 posteriors, hind femur with a full series of anteroventrals, and an

extensive series of finer shorter posteroventrals, the longer posteroventrals on

the middle third of femur and are as long as maximum height of femur, hind

tibia with 2 anteroventrals, 2 anterodorsals.

Wings with costal setulae minute, costal thorn slightly longer than diameter

of costa thereat, veins i?4 + o and Mi +2 divergent near wing margin, m-cu cross

veins slightly oblique and deeply bowed inward at middle.

Length, 6.5 mm.
HoLOTYPE. 6, Beverly Glen, Los Angeles County, California, IL22.52 CAS.

The male of A', maciilipennis as represented by the holotype may be

recognized readily by the clouded cross veins, and by the following combination

of characters: black legs, white calyptrae, purple knobs of halteres, two anterior

sternopleural bristles, smaller, less robust size.

Pogonomyia amnicola Huckett, new species.

(Figures 8, 16, and 29.)

Male. Black, mesonotum and scutellum sparsely dusted, abdomen uniformly

black and highly shining throughout, without indications of marking, in certain

lights exhibiting a slight nap. Wings blackish basad and extensively infuscated

distad, calyptrae yellowish, knobs of halteres dark purple.

Narrower part of frons about equal to distance between posterior ocelli,

parafrontals contiguous or almost so, parafrontal bristles continued in series

caudad to a level with apex of ocellar triangle, arista distinctly pubescent under

higher powers, longer hairs slightly longer than basal diameter of arista;

acrosticals weak, irregularly paired, notopleural depression with hairs, prealars

long, 3 pairs of postsutural dorsocentrals; copulatory appendages and genitalia

as in figures 8, 16, 29.

Fore tibia with 1 to 3 subventral bristles, mid femur with weak slender

anteroventrals on distal half, the longer shorter than length of arista, with fine

longish posteroventrals that become shorter on distal third and at base of



292 CALIFORNIA ACADEMY OF SCIENCES IProc. 4th Ser.

femur, mid tibia with or without anterodorsal, hind femur with a full series

of anteroventrals and with or without slender posteroventrals, hind tibia with

4 to 6 anteroventrals, 6 or 7 anterodorsals, 6 posterodorsals, apical postero-

ventral callus or spur weak, rudimentary, posteroventral series of setulae present

or absent, mid and hind tarsi slender.

Female. Profrons usually partly shiny or bare, pruinescence continuous

along margin of eye, abdomen black and glossy, wing veins reddish brown basad

and membrane fuscous. Mid femur with bristling variable on distal half of an-

teroventral surface, usually with slender or weak bristles, mid tibia usually

without anteroventrals, with 3 or 2 anterodorsals, hind tibia with 3 or 4 antero-

ventrals, and usually 4 anterodorsals, 4 posterodorsals. Costal setulae coarse.

Length, 4.5 to 6 mm.
HoLOTYPE and Allotype. <? , 9 , Sardine Creek, 8,500 feet. Mono County,

California, VI.28.51 (J. W. MacSwain) UCB. Paratypes. CALIFORNIA:

43 (5 $ , 16 ? ? , same locality and date as holotype (S. M. Kappos, D. P. Lawfer,

A. T. McClay, R. W. Morgan USD, C. A. Downing, J. W. MacSwain UCB);

IS, 39 9, same locality as holotype, VII.6.51, 1$, 59 5, VII. 11-12. 51 (A. T.

McClay) IS, 19, 1 mile S. of Saddlebag Lake, Mono County, VII. 15. 61

(D. R. Miller) UCD; S, Mammoth Lake, Mono County, VII. 12.33 CAS;

2 9 9,5 miles E. of Webber Lake, Sierra County, VII.29-30.55 (R. W. Bush-

ing, E. A. Kurtz) UCD; 2SS, Echo Lake, El Dorado County, VII. 23. 55

(E. I. Schlinger) 19, Luther Pass, Grass Lake, El Dorado County, VIL24.55

(J. C. Downey) UCD; 1^, Angora Peak, Tahoe, El Dorado County, VIL26.15

(E. P. Van Duzee) CAS; 19, Woods Lake, Alpine County, VII. 16.60 (C. G.

Moore) 19, Winnemucca Lake, Alpine County, VI.30. 59, IS, same locality,

VII.30.59 (R. M. Bohart) UCD; 29 9, Hope Valley, Alpine County, VII.9.48

(D. Carter, S. A. Sher) UCB, U , 1 9 , same locahty, VIII. 1.35 (H. H. Keifer)

CDA; IS, 69 9, 4 miles N. of Silver Lake, Amador County, VII. 25. 55 (J. C.

Downey) UCD; IS, Strawberry, Tuolumne County, VII. 15. 51 (A. T. Mc-

Clay) IS, Sonora Pass, 9,624 feet, Tuolumne County, VII. 17. 53 (R. M.

Bohart) UCD; 19, Conness Glacier, Tuolumne County, VII.30.36, 19,

Tuolumne Meadow, Tuolumne County, VII.22.36 (E. C. Hendie) UCB; IS,

in vicinity of Sonora Peak, Tuolumne County, VI. 23.60 (D. C. Rentz) CAS;

2SS, Porcupine Flat, Tuolumne County, VIII. 2.62 (R. and K. Dietrich)

HCH; 7S S, 19, Glacier Point Road, Mariposa-Tuolumne Counties, VII. 1.47

(A. L. Melander) USNM.
I have failed to discover that any of the four species of Pogonomyia here-

with described from California may be regarded as identical with the known

forms in the genus. The species P. amnicola closely resembles P. rivalis

(p. 293), a form that I have considered as distinct from P. amnicola on account

of its paler wings in male and dull profrons in female.
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Pogonomyia profrontalis Huckett, new species.

(Figures 27 and 36.)

Male. Similar to P. amnicola in coloration, conformation and bristling.

Aristal hairs are shorter, not exceeding in length basal diameter of arista, mid

femur with an extensive series of long slender anteroventrals on middle half

of femur, the bristles becoming stronger distad, hind femur with a few fine

short posteroventrals on proximal half.

Female. Profrons bare and glossy, thus extending narrowly to eye margin,

parafrontals highly shining on caudal half, mesonotum viewed from in front

jet black, shining and without marking, abdominal tergum 5 black and glossy,

without the slight nap or faint dullness on remaining terga when viewed from

behind; wings fuscous basad, veins dark brown. Mid femur with strong antero-

ventrals on distal half, hind femur without posteroventral bristles.

Length, 3.5 to 4.5 mm.
HoLOTYPE and Allotype. $ , 9 , Big Spring, Shasta County, California,

V.23.41 (E. G. Linsley) UCB. Paratypes. CALIFORNIA: 16, Buck's Lake,

Plumas County, VI.23.49 (J. W. MacSwain) UCB; 2$ $, 19, 10 miles S. of

Johnsville, Plumas County, VI. 12.61 (J. S. Buckett) UCD, 16, Truckee,

Nevada County, VI. 10.53 (A. D. Telford), S6 6 ,69 9 , Baxters, Placer County,

V.20.52 (A. T. McClay) 19, Dutch Flat, Placer County, V.13.56 (H. R.

Moffitt) UCD; A6 6 , 69 9, Wright's Lake, El Dorado County, VII. 2.48

(R. C. Bynum, J. W. MacSwain, K. W. Tucker UCB, D. Carter UCD); 59 9,

Hope Valley, Alpine County, VI. 7. 52, 1 c^ , Winnemucca Lake, Alpine County,

VI.25.50, 19, same locality, VII.30.59 (R. M. Bohart) UCD; 9, Glacier

Point Road, Mariposa-Tuolumne Counties, VII. 6.47 (A. L. Melander) USNM.
The male of P. profrontalis is notable for the extensive series of long

anteroventral and posteroventral bristles on mid femur, the posteroventral

series commencing near base of femur. The female has profrons conspicuously

bare and glossy and mesonotum black and shiny, arista minutely haired, mid

femur with 1 or 2 strong anteroventrals on distal half. The female of

P. santamonicae (p. 294) possesses many of the distinguishing characters of

P. profrontalis, differing mainly in the dulled nature of the mesonotum.

Pogonomyia rivalis Huckett, new species.

Male. Similar in habitus to amnicola (p. 291). The wings are decidedly

paler than in that species, being grayish except on basal region, anal lobe of

wing membrane clear. Aristal hairs slightly longer than basal diameter of

arista, mid femur with a slightly stronger anteroventral on distal half than that

of P. amnicola.

Female. Differing from P. amnicola in having profrons entirely dull or

pruinescent, mid femur with a strong anteroventral on distal half, abdomen

shiny and glossy. Wings as in male, veins dark brown basad.
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HoLOTYPE and Allotype. <^ , ? , Sardine Creek, 8,500 feet, Mono County,

California, VI.28.51 (S. M. Kappos) UCD. Paratypes. CALIFORNIA: 6$ S,

212?, same locality and date as holotype, (D. P. Lawfer, S. M. Kappos, A. T.

McClay, R. W. Morgan UCD, C. A. Downing, J. W. MacSwain UCB); 19,

1 mile S. of of Saddlebag Lake, Mono County, VII. 15.61 (D. R. Miller) UCD;
1$, Angora Peak, Tahoe, El Dorado County, VII. 26. 13 (E. P. Van Duzee)

CAS.

There are a few female specimens (5) from Sardine Creek taken by A. T.

McClay at the same time as those of P. rivalis and P. amnkola which possess

a completely dull profrons as in P. rivalis and weak anteroventral bristling

on mid femur as in P. amnicola, specimens that I consider may represent a

hybridization of the two forms.

Pogonomyia santamonicae Huckett, new species.

(Figures 28 and 35.)

Male. Black, mesonotum and scutellum subshining, with sparse brownish

dust, abdomen with more or less distinct brownish pruinescence laterad on

terga 3, 4, 5, and dark median marking, becoming successively broader

cephalad, terga 1 + 2 entirely blackish.

Narrower part of frons about as wide as twice diameter of anterior ocellus,

parafrontal bristles slender, becoming short caudad, series reaching opposite

ape.x of ocellar triangle, aristal hairs not longer than basal diameter of arista;

mesonotum, scutellum and abdomen bristled as in P. amnicola. Copulatory

appendages and genitalia as in figures 28, 35. Mid femur slender, with 3 or

4 long anteroventrals on distal half, and 1 or 2 fine short prebasal antero-

ventrals, with a series of slender longish posteroventral bristles on proximal

half to two-thirds, mid tibia with robust anterodorsal, hind femora with long

anteroventral and posterior bristles, with a few weak posteroventrals on distal

half, apex of hind tibia with weak callus or spur.

Female. Profrons notably bare and polished, extending thus tenuously

to eye margin, arista minutely haired, mesonotum with slight brownish pollen

and weak darker median stripe as seen from in front, mid femur with a strong

anteroventral on distal half.

Length, 4 mm.
Holotype and Allotype. $ , ? , Santa Monica Mountains, Los Angeles

County, VII.3.50 UCB. Paratypes. CALIFORNIA: \$, same data as holo-

type, UCLA; \$, 2? 5, Claremont, Los Angeles County, no date (Baker),

1 $ , mountains near Claremont, Los Angeles County, no date, (Baker) USNM;
45 5,42 9, Cuyamaca, San Diego County, V.7.48 (A. L. Melander) USNM;
3 5 5, Cuyamaca Lake, 4,600 feet, San Diego County, IV.2L55 (W. R. M.

Mason, W. R. Richards) CNC; 15, Pine Valley, San Diego County, IV.24.20

(E. P. Van Duzee) CAS; 15, Keen Camp, Riverside County, V.18.51 (E. I.

Schlinger) UCB.
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The male of P. santamonicac may be distinguised from those of P. amnicola,

P. profrontalis, and P. rivalis by the brownish pruinescence and median marking

on abdomen, and the female likewise by the brownish dust and median striping

on mesonotum.

Plexiopsis Huckett, new genus.

Related to Dendrophaonia Malloch, from which Plcsiopsis may be separated

by the strong apical posteroventral bristle on hind tibia, absence of stout

upturned buccal bristle, and in female without anterior pair of strong proclinate

paraorbital bristles. From Dialyta Rondani the genus differs in having hairs

on eyes and a prealar bristle on mesonotum, and in that the head in profile

is not horizontally inclined or flattish on dorsum, with antennae set high in

Dialyta in relation to its position with the eyes.

Genotype. Plexiopsis insolens, new species.

Plexiopsis insolens Huckett, new species.

Male. Black, shiny, antennae and palpi black, parafacials silvery gray,

cheeks dull, reddish tinged; thorax and abdomen with sparse grayish pruines-

cence, mesonotum seen from behind with 4 stripes, inner pair denser; abdomen
with a dorsocentral marking and dark reflections. Femora entirely black,

tibiae successively slightly paler from front to hind pairs, the latter brownish,

pulvilli whitish. Wings gray, brownish infuscated basad, cross veins unclouded,

calyptrae yellowish tinged, knobs of halteres purple.

Frons broadened and bristled as in female, paraorbitals present and verticals

long, interfrontalia broad, nearly as wide as length of third antennal segment,

cruciate bristles absent, profrons and cheeks slightly longer and higher

respectively than width of third antennal segment, parafacials slightly concave

or dished in profile, narrower at middle, third antennal segment about 1.5

times as long as wide, aristal hairs about twice as long as basal diameter of

arista. Eyes with short hairs. Mesonotum with 2 pairs of irregularly and

closely paired presutural acrosticals, with 3 pairs of postsutural dorsocentrals,

prealars of holotype slightly shorter than length of anterior notopleurals,

sternopleurals 1:2, prosternum, pteropleura and hypopleura bare; abdomen
conical, slender, with strong tergal bristles.

Fore tibia with or without fine posterior, and with fine dense ventral

setulae on distal two-thirds, mid femur with an extensive series of fine slender

anteroventrals and posteroventrals, with an anterior preapical. mid tibia with

1 anterodorsal, 2 posteriors, hind femur with a full anteroventral series and

finer posteroventrals, the latter becoming short toward basal and apical regions

of femur, hind tibia with 1 or 2 anteroventrals, an anterior series of coarse

setulae, 2 anterodorsals, 1 long posterodorsal (calcar), and 1 or 2 firrrrer

posterodorsal setulae proximad, with a series of fine suberect posterior setulae
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on middle half of tibia, preapical posterodorsal long in type, apical postero-

ventral robust.

Wings broad and bluntly rounded distad, costal setulae coarse, costal

thorn long, m-cu cross vein erect.

Female. Parafrontals and mesonotum with brownish pruinescence, abdo-

men entirely black and glossy, markless; frons across middle fully one-third

maximum width of head as seen from above, interfrontalia thereat wider than

length of antenna, cruciate bristles absent; mesonotum with prealars in

allotype about half length of anterior notopleurals; mid femur with an ex-

tensive series of slender anteroventral setulae, and a proximal series of fine

posteroventrals, mid tibia with 2 anterodorsals, hind femur with anteroventrals

weak and shorter on proximal half, posteroventrals fine, short and sparse,

hind tibia with preapical posterodorsal short in allotype, apical posteroventral

robust.

Length, 6 mm.
HoLOTYPE and Allotype. S , 9 , Elkhorn Ferry, Yolo County, California,

IV. 16. 52 (E. I. Schlinger) UCD. Paratypes. CALIFORNIA: li, same data

as holotype, IS, Davis, Yolo County, V.5.53, 19, Elk Grove, Sacramento

County, IV.18.52 (E. C. Carlson) UCD; 19, Lagunitas, Marin County,

IV. 26.24 (E. P. Van Duzee) CAS; 1 <? , Cedar Pass, Modoc County, VI. 29. 55

(J. W. MacSwain), 1 c5 , same locality, VII.8.46 (P. D. Hurd, R. F. Smith)

UCB. OREGON: 1$, 12 miles SW. of Silver Lake, Lake County, VII. 15.62

(R. W. Matthews) HCH.
The female of P. insolens is notable for its glossy unmarked black abdo-

men. Both sexes have broad bluntly rounded rather short wings, with costal

setulae coarse and costal thorn extra long.

Phaonia antennalis Huckett, new species.

Male. Gray, interfrontalia broad and with whitish dust, parafacials silvery,

cheeks dark and lightly powdered, second antennal segment brownish, third

entirely grayish black, palpi dark brown or fuscous, proboscis dull; mesonotum

seen from in front pale gray, with 4 strong interserial brown stripes, scutellum

gray on dorsum, blackish on venter and basal half of declivities as seen from

behind; abdomen gray, with a blackish dorsocentral stripe, terga 3, 4, 5,

each with dark shiny reflections on posterior half, that become successively

more extensive cephalad with each segment. Femora blackish, knees and tibiae

reddish brown, tarsi dark brown. Wings hyaline, vitreous, cross veins with

blotchy clouding that on m-cu cross vein tends to become denser at extremities

of vein; calyptrae white, knobs of halteres brown and purplish tinged.

Eyes bare, postocular .setulae short, frons at narrower part fully one and

a half times as wide as breadth of third antennal segment, interfrontalia

broad, wider than antenna and without cruciate setulae, parafrontal bristles
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slender, becoming weak caudad and continued in series to a point opposite

anterior ocellus, profrons slightly shorter than width of third antennal segment,

parafacials much narrowed ventrad, cheeks rapidly tapering caudad below eye,

with several marginal setulae along ventral border, third antennal segment

nearly 3 times as long as wide, its apex nearly reaching to a level with oral

margin, arista minutely haired, mesonotum with 2 or 3 pairs of presutural

acrosticals, prealars as long as posterior notopleurals, the latter with 1 or 2

minute hairs at base, with 4 pairs of postsutural dorsocentrals, hypopleura with

few minute hairs below spiracle; abdomen subovate. Fore tibia without mid

posterior, mid femur with a proximal series of fine short posteroventrals,

preapical anterior absent, mid tibia with 3 short posteriors, hind femur with

2 or 3 stronger anteroventrals on distal half, remaining bristles of anteroventral

series continued to base and are much shorter, posteroventrals fine and hair-

like, restricted to proximal half, hind tibia with 1 or 2 anteroventrals, 2

anterodorsals, all short, 1 posterodorsal (calcar), which is shorter than width

of tibia where situated.

Wings with costal setulae and thorns minute, m-cu cross vein suberect

and sinuate, veins R^ + r, and Mi + 2 slightly divergent toward wing margin.

Female. Marked as in male, frons at vertex as wide as distance between

first pair of dorsocentrals, with a weak pair of cruciate bristles, profrons wider

than breadth of third antennal segment, hairs not evident at base of posterior

notopleurals, nor on hypopleura, prealars slightly shorter to slightly longer

than posterior notopleurals.

Length, S mm.
HoLOTYPE. 6, Bryson, Monterey County, California, V.17.20 (E. P.

Van Duzee) CAS. Allotype. 9, Bradley, Monterey County, California,

V.17.20 (E. P. Van Duzee) CAS. Paratypes. 29 9, same data as allotype, 16,

Redlands, San Bernardino County, California, XII.14.-CAS.

The species P. antennalis belongs to the harti-group within the genus

Phaonia. It may be distinguished from allied forms by the long antennae and

minutely haired arista, by the weak short posterodorsal on the hind tibia,

and further by the broad interfrontalia in male. The above male specimens

are not in good condition owing to breakage, but what is lacking in one is

present in the other.

Phaonia coriatlanis Huckett, new species.

Male. Brownish gray, head with interfrontalia black, viewed from in

front with whitish dust, parafrontals and cheeks silvery pruinescent, cheeks

whitish and with dull reddish reflection when viewed laterad, second antennal

segment fulvous, third black, palpi dark brown; mesonotum seen from behind

with 4 dark stripes, inner pair terminating caudad at a level near middle 'of

postsutural region, outer pair to near caudal pair of dorsocentral bristles.
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scutellum brownish, pleura gray; abdomen paler, with ill-formed dark brown

dorsocentral stripe, becoming wider cephalad. Fore femora blackish, yellowish

at apex, mid femora mainly fulvous, being slightly darkened along ventral

half of posterior surface, hind femora and all tibiae fulvous, tarsi dark brown.

Wings grayish, veins unevenly browned, r-m and in-cu cross veins broadly

infuscated, calyptrae brownish tinged, knobs of halteres yellow.

Head with eyes bare, narrower part of frons nearly as wide as and cheeks

nearly as high as length of third antennal segment, interfrontalia thereat wider

than breadth of the latter, parafrontals linear on caudal half and with few

sparse hairs, 4 pairs of bristles on cephalic half, postocular setulae and

verticals short, cruciate bristles absent, profrons fully as wide as and aristal

hairs nearly as long as width of third antennal segment; mesonotum with

presutural acrosticals unevenly setulose, 2 pairs in type being more bristly,

postsutural acrosticals finely setulose except caudal pair, prealars long, noto-

pleural depression without setulae and posterior bristle short, 3 pairs of

postsutural dorsocentrals, hypopleura without hairs on upper border, sterno-

pleurals 1:2; abdomen subovate, with full series of marginal bristles on

terga, and with discals on terga 4 and 5.

Fore tibia without middle posterior, mid femur with a proximal series of

posteroventrals, with preapical anterior and anterodorsal, mid tibia with 2

or 3 posteriors, hind femur with 5 anteroventrals on distal half, and several

short much weaker anteroventrals on proximal half, with 4 slender postero-

ventrals on proximal third, being as long or longer than height of femur where

situated, posteroventral series continued distad as much weaker setulose bristles,

hind tibia with 1 or 2 anteroventrals, 2 anterodorsals, a long posterodorsal

(calcar), preapical posterodorsal as long as preapical anterodorsal, fore meta-

tarsus without longish sensory posteroventral hairs except at base and apex.

Wings with costal setulae weak, costal thorn as long as humeral cross

vein, veins -^4 + 5 and M1 + 2 slightly divergent toward wing margin, m-cu cross

vein suboblique and sinuate, knobs of halteres yellow.

Female. Gray, and without brownish tinge, frons at middle wider than

distance between first pair of dorsocentral bristles and interfrontalia thereat

nearly as wide as that distance, cruciate bristles absent, cheek three-fourths

to fully as high as length of third antennal segment, the latter yellowish basad,

palpi paler proximad. All femora and tibiae fulvous, fore pairs slightly darkened,

hind femur with 6 anteroventrals, unevenly spaced, and anteroventral series

extended as weaker bristles on proximal third, with 3 lengthy proximal postero-

ventrals. Wings with m-cu cross vein erect and bowed inward at middle.

Length, 6.5 to 7 mm.
HoLOTYPE. c^ , Cuyamaca Lake, San Diego County, California, IV. 21. 55

(W. R. M. Mason) CNC. Allotype. 9, Alpine Inn, Mt. Lowe, 5,000 feet,

Los Angeles County, California, VI.12.-(24) (J. M. Aldrich) USNM. Para-
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TYPES. CALIFORNIA: 1$, Mt. Home Canyon, San Bernardino Mountains,

VI.8.24 (J. M. Aldrich) USNM; 19, Leavitt Meadows, 7,200 feet, Mono

County, VIII. 13.63, variant, at flight trap (H. B. Leech) CAS.

The male of P. coriatlanis differs from those of related species in having

the eyes more widely separated across frons, and in the bristling of hind femur.

In both sexes the presutural acrosticals though short are unevenly developed,

some being bristly and some finely setulose. There is also some variation in

dimensions of cheeks and parafacials and length of antennae in female

specimens.

Phaonia neglecta Huckett, new species.

Male. Dark gray, parafacials and cheeks silvery pruinescent, the latter

with dark reflections, second antennal segment and basal border of third on

its inner surface fulvous, remainder of third segment grayish black, palpi

yellowish brown or reddish proximad, fuscous distad, proboscis dull; mesonotum

bluish gray, viewed from behind with 4 interserial stripes, scutellum largely

fulvous, basal half on dorsum grayish pruinescent; abdomen gray with whitish

or cinereous pruinescence, with dark dorsocentral vitta and dark reflections.

Coxae grayish tinged, fore femora more or less darkened, mid and hind femora

and all tibiae fulvous, tarsi dark brown. Wings faintly grayish, both cross

veins lightly infuscated, calyptrae clear, knobs of halteres yellow or brownish

yellow.

Eyes densely haired, closely and extensively approximated across frons,

at narrower part separated by a distance equal to that between posterior

ocelli, parafrontals with 4 or 5 pairs of bristles cephalad, the series continued

caudad as fine hairs, postocular setulae short, parafacials narrow, cheeks broad

on buccal region, tapered caudad below eye, third antennal segment fully

twice as long as second, longer aristal hairs nearly equal to width of third

antennal segment; mesonotum with 2 pairs of presutural acrosticals, bristles

of each pair narrowly separated, 3 pairs of postsutural dorsocentrals, prealars

extra long, notopleural depression without hairs, hypopleura hairless on upper

border cephalad of spiracle, both spiracles large, peritreme of mesothoracic

spiracle pale; abdomen subovate, robust, basal sternum with one or more

setulae.

Fore tibia without posterior, fore metatarsus with fine short posteroventral

sensory hairs exclusive of those at apex and at base, mid femur with clothing

of numerous fine slender ventral hairs, and with 5 or 6 short posteroventrals

on proximal two-thirds, with preapical anterior, mid tibia with 3 posteriors,

hind femur with an extensive series of anteroventrals, those on the proximal

half being weaker and shorter, and with proximal series of fine short postero-

ventrals, hind tibia with 3 anteroventrals, 2 anterodorsals, 1 posterodorsal.

Wings with costal setulae minute and thorns weak, m-cu cross vein slightFy

oblique, sinuate, veins R^ + r, and Mi + 2 divergent near wing margin.
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Female. Eyes sparsely haired, frons at vertex of allotype as wide as one-

third maximum diameter of head when viewed from above, interfrontalia

broad and with brownish sheen, without cruciate setulae in allotype, para-

frontals narrow, profrons as long as width of third antennal segment, second

segment brown or blackish, third black, palpi fuscous, paler basad; mesonotum

seen from in front with 4 brown interserial stripes confluent with the darker

serial, scutellum more or less fulvous, grayish basad, with one strong and one

weak pair of presutural acrosticals. Fore femora blackish or largely fulvous,

mid femur without the ventral clothing of slender hairs in male, hind femur

with proximal anteroventrals and posteroventrals fewer and weaker. Wings

with m-cu cross vein suberect, sinuate.

Length, 6 to 7.5 mm.
HoLOTYPE. S , Giant Forest, Sequoia National Park, Tulare County,

California, VII. 28. 29 (P. W. Oman) HCH. Allotype. 9, Echo, El Dorado

County, California, VIII. 10.40 (L. J. Lipovsky) HCH. Paratype. WASHING-
TON: li, Mt. Rainier, White River. VII. 20.24, 19, Mt. Rainier, Yakima

Trail, VII.22.24 (A. L. Melander) USNM. OREGON: 1$, Portland,

VII.20.40, ex willow, (K. Gray, J. Schuh) HCH. CALIFORNIA: 19, Big

Pines, Los Angeles County, VI. 29.48 (A. L. Melander) USNM. ALBERTA:
19, Banff, VII. 10.22 (C. B. D. Garrett) CNC. COLORADO: 59 9, Boulder

Canyon, 7,800 feet, VIII.8.60 (R. and K. Dreisbach) HCH.
The species P. neglecta is similar in habitus to P. striata Stein, from which

it differs in the male by the narrower frons, and in both sexes by absence of

hairs at base of posterior notopleural bristle. In the above specimens there

are with one exception three pairs of postsutural dorsocentral bristles; all

lack the hairs on hypopleura adjacent anteroventral margin of spiracle. Three

of the ten females examined have vestiges of cruciate setulae.

Phaonia reclusa Huckett, new species.

Male. Gray, head with whitish pruinescence, parafacials silvery, occiput

gray, second antennal segment rufous, third segment grayish black, palpi

brownish; mesonotum with whitish sheen and with 4 dark vittae when seen

from behind, inner pair terminating caudad at level with middle of postsutural

region, outer pair extending to near caudal pair of dorsocentral bristles, in

addition with a short median stripe on caudal half of postsutural region,

scutellum with brownish discal marking and is slightly reddish testaceous

apicad; abdomen whitish gray, with narrow dorsocentral vitta, becoming linear

caudad, and with broad dark reflections, hypopygium reddish brown. Coxae

gray, femora brownish black except at knees, tibiae reddish brown, fore pair

slightly darker, all with a whitish sheen in certain lights, tarsi dark brown.

Wings hyaline, veins brown, cross veins in type faintly infu.scated, calyptrae

white, halteres purple.
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Eyes sparsely haired, narrower part of frons twice as wide as width of

third antennal segment, interfrontalia thereat fully as wide as the latter,

parafrontal bristles weak, series extended caudad to opposite anterior ocellus

and is partly duplicated by a few inner set marginal bristles, verticals weak,

profrons longer than width of third antennal segment, cheeks broadly main-

tained caudad, higher than one-third height of eye, third antennal segment

narrow, fully three times as long as wide, longer aristal hairs slightly shorter

than width of the latter; mesonotum with 3 pairs of slender weak presutural

acrosticals, and with several shorter interserial setulae, 4 pairs of postsutural

dorsocentrals, prealars shorter than posterior notopleurals, notopleural de-

pression with or without 1 or 2 minute hairs, sternopleurals 1:2, lower

caudal bristle about half length of upper, hypopleura, pteropleura and

prosternum hairless; abdomen robust, broadly subovate, sternum 1 bare.

Fore tibia without posterior, fore metatarsus with 1 or 2 lengthy postero-

ventral hairs exclusive of those at apex and base, mid femur with a dense

series of slender anteroventral setulae and series of short posteroventrals on

proximal half, mid tibia with 2 short posteriors, hind femur with extensive

series of short anteroventrals, which become weaker proximad, with a proximal

series of short weak posteroventrals, hind tibia with 3 fine weak anteroventrals,

1 or 2 anterodorsals, 2 short weak posterodorsals including the calcar, both

of which are not longer than width of tibia where situated, the proximal

bristle being set at middle of posterodorsal surface.

Wings with costal setulae and thorns weak, veins of radius without setulae,

i?4 + 5 and Ml + 2 divergent toward wing margin, m-cu cross vein oblique.

Length, 9 mm.
HoLOTYPE. d

, Upper Santa Ana River, San Bernardino Mountains, Cali-

fornia, V.12.47 (John Sperry) USNM.
The males of P. reclusa, P. antennaUs (p. 296) and P. sobriana (p. 304) are

notable on account of the much shorter calcar bristle on the hind tibia than is

typical of many nearctic species belonging to the genus.

Phaonia reflecta Huckett, new species.

Male. Brownish gray, parafacials silvery, cheeks with reddish brown

reflections, proboscis dull, second antennal segment and basal border on

inner surface of third fulvous, remainder of third segment grayish black, palpi

pale brown proximad, fuscous on apical region; mesonotum and scutellum

with yellowish brown pollen, the former seen from in front with broad median

and two sublateral presutural dark stripes, and with four dark postsutural

stripes, scutellum concolorous, seen from behind with shiny smooth dark

reflections on declivities, as if abraded; abdomen densely yellowish pruines-

cent and with dark dorsocentral vitta. Fore femora and fore and mid coxae

brownish, mid and hind femora and all tibiae fulvous, tarsi dark brown.
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Wings clear, cross veins unclouded, calyptrae white, knobs of halteres yellow.

Eyes densely haired, closely and extensively approximated across frons,

separated at narrower part by distance equal to that between posterior ocelli

exclusive, 4 pairs of parafrontal bristles, parafacials narrow, cheeks slightly

wider, with several fine setulae along grayish ventral border of head, third

antennal segment slightly longer than twice length of second, longer aristal

hairs nearly equal to width of third antennal segment; mesonotum with 2

pairs of fine acrosticals on presutural region, distance between series greater

than that separating the respective series of acrosticals and dorsocentrals, 4

pairs of postsutural dorsocentrals in type, prealars slightly shorter than

posterior notopleurals, latter with hairs at base, hypopleura without hairs on

upper border, spiracles large, peritreme of mesothoracic spiracle pale; abdomen

subovate, basal sternum bare.

Legs slender, fore tibia without posterior, fore metatarsus with a few

slender posteroventral sensory hairs, mid femur with series of slender antero-

ventral setulae and short posteroventrals on proximal two-thirds, with 2

preapical anteriors, mid tibia with 2 posteriors, hind femur with a full series

of anteroventrals, the bristling becoming shorter and weaker on proximal half,

with a proximal series of fine short posteroventrals, hind tibia with 1 antero-

ventral, 2 anterodorsals, of which the distal bristle is much the weaker and

shorter, 1 posterodorsal, tarsi slender.

Wings with costal setulae and thorns minute, vein R^+r, divergent at wing

margin, vein Mi + 2 in type not divergent at wing margin, m-cu cross vein erect.

Female. Frons at vertex slightly wider than one-third maximum diameter

of head as viewed from above, interfrontalia with brownish sheen and with

cruciate setulae, parafacials and cheeks narrow, third antennal segment entirely

grayish black or nearly so, longer aristal hairs as long as width of third

antennal segment, palpi slender; mesonotum and scutellum marked as in male,

postsutural stripes largely obscured by pruinescence, second pair of postsutural

dorsocentrals weak, about equal to presutural acrosticals, thus only 3 strong

pairs of postsutural dorsocentrals in allotype and paratype, hypopleura in

allotype with 1 hair on upper border cephalad of spiracle; abdomen with a

dorsocentral vitta and faint dark brown reflections. Fore femora and fore

coxae more or less brownish, mid femur with a few weak proximal postero-

ventrals, hind femur with anteroventral and posteroventral bristles on proximal

half sparse and very weak, hind tibia with 1 or 2 anteroventrals, 2 or 3

anterodorsals. Wings with m-cu cross veins lightly infuscated.

Length, 6 to 7 mm.

HoLOTYPE. S, Fairfax, Washington, Vn.12.30 CAS. Allotype. 9, Mount

St. Helena, Napa County, California, Vn.28.40 (B. Brookman) CAS.

Paratype. 19, Lyon's Dam, Tuolumne County, California, Vn.8.37 (T. G. H.

Aitken) CAS.
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The species P. rejlecta as represented by the specimens before me exhibit

some degree of variability as to the presence or absence of hairs at base of

posterior notopleural bristle and on hypopleura, presence or absence of cloud-

ing on cross veins, and in the number of well developed postsutural dorsocentral

bristles.

The species may be delimited by the following characters: mesonotum
with broad median vitta on which are two pairs of widely separated presutural

acrostical bristles, scutellum with large dark reflective marking on each

declivity as viewed from behind, cheeks comparatively narrow, veins i?4 + 5 and

Ml + 2 dissimilar at apex in their course to wing margin.

Phaonia reversa Huckett, new species.

Male. Black, subshining, parafrontals and parafacials with dull grayish

pruinescence, cheeks brownish so, interfrontalia seen from below with brownish

sheen, antennae and palpi blackish, haustellum dull; mesonotum and scutellum

seen from behind thinly grayish pruinescent, the former with 4 black stripes;

abdomen seen from behind more densely whitish gray and with a linear

dorsocentral stripe, hypopygium and sterna blackish and shiny. Legs black,

knees narrowly reddish brown and hind tibiae entirely so except for slight

infuscation proximad, pulvilli whitish. Wings brownish tinged, more densely

basad, r-m cross veins faintly clouded, ni-cu cross veins clear, calyptrae

yellowish tinged, knobs of halteres yellow.

Eyes densely short haired, separated at narrower part of frons by a

distance about equal to width of third antennal segment, interfrontalia thereat

about as wide as distance between posterior ocelli inclusive, series of parafrontal

bristles continued caudad to opposite anterior ocellus, bristles becoming weak
and much shorter caudad, cruciate setulae absent, longer aristal hairs slightly

shorter and profrons slightly narrower than width of third antennal segment,

parafacials narrow, cheek narrow and restricted caudad, ventral border of

head broad and coarsely setulose; mesonotum with 2 pairs of presutural

acrosticals (one pair evidently missing in type as indicated by larger tricho-

pores), 3 pairs of postsutural dorsocentrals, prealars as long and slightly

shorter than anterior notopleurals, posterior notopleurals with hairs at base,

scutellum setulose on dorsum, hypopleura hairless, sternopleurals 1 ; 2;

abdomen subovate, finely bristled, terga 4 and 5 with several discal bristles

on dorsum, sternum 1 setulose, sternum 5 weakly bristled and with broad

shallow caudal emargination, capped at lateral extremities by small shiny

callosity or process.

Fore tibia clothed on ventral surface with coarse setulae, with 1 or 2

fine setulose posteriors that are scarcely as long as apical width of tibia, fore

metatarsus with 1 or 2 sensory posteroventral hairs exclusive of those at apex

and base, mid femur with a proximal series of short fine anteroventrals and
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posteroventrals, preapical anterodorsal absent, mid tibia with 2 posteriors

situated on proximal half in the type, hind femur with a full series of short

anteroventrals and a proximal series of short posteroventrals, bristles on

proximal half fine and scarcely as long as maximum height of femur, hind

tibia with 3 or 4 anteroventrals, 2 anterodorsals, 1 posterodorsal, 1 or 2

posterior semierect setulae on middle half of tibia, preapical posterodorsal

weak.

Wings with costal setulae and thorns weak, iii-cu cross veins oblique and

sinuate, veins Ri + -, and Mi+o slightly divergent near wing margin.

Length, 6.5 mm.
HoLOTYPE. S, Mono Pass, Inyo County, California, VIII. 13.57 (D. D.

Linsdale) UCB.
The type-specimen of P. reversa differs from males of similar habitus in

having the hind tibiae reddish brown in contrast to black fore and mid pairs.

The interfrontalia in the type is unevenly maintained in width, expanding

broadly cephalad and contracting to relatively narrow proportions caudad, and

thereat the bordering bristles become much shorter and finer. Sternum 5 of

abdomen is not notched caudad to form two lobes or processes.

Phaonia sobriana Huckett, new species.

Male. Gray, resembling P. limbincrvis Stein in coloration and thoracic

marking, but differing notably in the following respects: Mesonotum with

tawny striping on postsutural region, abdomen robust, broadly subovate, with-

out spotlike marks laterad on terga 3 and 4. Also aristal hairs are shorter,

being barely longer than half width of third antennal segment, mid femur

with series of short coarse anteroventral setulae on proximal and distal thirds,

hind tibia with calcar bristle weak, not longer than width of tibia where

situated. In the type the hypopleura has 1 or 2 hairs on upper border, and

the wings are deeply blotched on r-m and at ends of m-cu cross veins.

Length, 9 mm.

HoLOTYPE. c^ , Mather, Tuolumne County, California, VIII, 1950, at slime

flux (A. Sokoloff) UCB.

I have a female specimen with third antennal segments and fore legs missing

that I regard as conspecific with the holotype of P. sobriana. The data furnished

by the label indicate that the specimen was taken on the same day and at the

same locality as the above male, and at banana trap. The specimen is pale or

whitish gray, much as the holotype, with similar characteristic features per-

taining to markings of mesonotum, abdomen, and wings. Cruciate bristles on

interfrontalia are absent, palpi spatulate, scutellum entirely gray and lacking

apical reddish tinge present in holotype. The calcar bristle on hind tibia is

short and weak.

Length, 6 mm.
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Hylemya (Botanophila) emarginalis Huckett, new name.

The name Hylemyia marginata Stein (1898) is preoccupied by the prior

name Eriphia marginata Walker (1849), a name commonly listed as a synonym

of Hylemya platura (Meigen). Being thus congeneric and a secondary homonym
I propose the new name emarginalis for Stein's species. I am indebted to Mr.

C. \V. Sabrosky for drawing my attention to this detail. The species has

been taken in several localities in California.
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Recently collected series of Bornean snakes provide us with an opportunity

to review four poorly known forms referable to the genus Pseudorabdion and

to discuss the status of ^locquard's singular genus Idiopholis. Additional

Bornean specimens of P. longiceps have also been obtained: they add nothing

to previous discussions of this species (Leviton and Brown. 1959) and will

not be considered further in this paper.

Mocquard's diagnosis (1892) of Idiopholis agrees with that of Pseudorab-

dion Jan, as defined by Leviton and Brown (1959), point for point except

in one detail, namely, the presence of a small azygous shield between the inter-

nasals of Idiopholis collaris (type species of the genus Idiopholis, by monotypy).

If /. everetti, described by Shelford and assigned to Idiopholis for reasons

unknown to us, is indeed congeneric with /. collaris Mocquard, then even this

presumed difference between Idiopholis and Pseudorabdion, which we regard

quite frankly as an anomaly anyhow, disappears, for /. everetti lacks the extra

internasal.

The holotypes of both nominate forms of Idiopholis have been examined:

neither can be distinguished from Pseudorabdion, even as a species group.

^ Examination of holotypes and collection of fresh material were made possible by National Science Founda-
tion grants G 6257, G 20867, and GB 1049.
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The absence of loreal and preocular shields and a tendency towards fusion

of the supraoculars and postoculars place /. everetti and /. collaris very close

to the "oxycephaluni^^ complex of Philippine species, P. oxycephaliim (Giinther),

P. ater (Taylor), and P. montanum Leviton and Brown. A skull removed from

a specimen of /. everetti (CNHM 120377) is exactly like that of Pseudorabdion

longiceps (CNHM 71596), type species of the genus Pseudorabdion, except in

certain aspects of shape related to differences in shape of snout (fig. 1). We
therefore recommend that Idiopholis Mocquard be placed in the synonymy of

Pseudorabdion Jan.

The recent acquisition of seven snakes from Borneo that are morphologically

similar to the holotype of P. everetti (Shelford) raises another problem. These

animals are from Niah, Fourth Division, Sarawak (CNHM 120376-7, 131632)

and Nanga Tekalit, Mengiong River, Third Division, Sarawak (CAS 97740

and CNHM 138670-1, 147653). Five are females, two are males. Descriptive

notes on these seven follow (see fig. 2).

Scales smooth, in 15 rows throughout; nostril is an undivided nasal shield

which is partially fused to the first upper labial; no loreal or preocular; two

internasals much smaller than prefrontals; prefrontal and frontal bordering

eye; supraocular absent; five supralabials, third and fourth bordering eye;

five infralabials; mental touching anterior chin shields; anterior chin shields

longer than posterior ones; maxillary teeth subequal, 22-25 (three counted);

ventrals 120-134 in females, 116 122 in males; anal single; subcaudals

paired, 27-31 in females, 36-41 in males; total length 179-190 mm. in females,

190-204 in males; tail length 22-23 mm. in females, 33-40 in males.

The split between the lips extends back under the anterior half of the

scale behind the fifth supralabial. Hence the supralabial count might be

regarded as six by some workers. As the opening into the mouth ends below

the fifth shield, we consider that scale to be the last supralabial.

There is either a single, vertically elongate postocular or two squarish

postoculars. In both cases the upper part of these oculars curves very slightly

over the posterior part of the upper border of the eye and is wedged between

the frontal shield and the eye. It is a matter of arbitrary definition whether

one calls the upper part simply a postocular or the fused remnants of a

supraocular with the postocular. Whatever name one wishes to apply, as the

head becomes narrower, shields are lost through fusion and reduction, re-

flecting a reduction of interorbital width and consolidation of the skull. Three

of our specimens have two postoculars on both sides of the head, two have a

single postocular on both sides, and two have a single postocular on one side

and two on the other. The holotypes of P. everetti and P. collaris have two

postoculars. None of these snakes have the postoculars fused with the "Brille,"

as in P. oxycephalum and P. ater and occasionally in P. mcnamarae.
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Figure 1. Lateral vHews of skulls of P. collaris (top) and P. longiceps (bottom).

Our examination of the holotypes of P. collaris and P. everetti reveals few

differences. Both have deep, narrow rostrals, a partly divided nasolabial shield,

and a frontal that is much wider than long. The prefrontal and frontal border

the eye in both. The ventral and subcaudal counts are 127 + 29 in P. collaris

and 131 + 25 in P. everetti; the holotypes are females. These counts do not

suggest specific differences as the ranges in the four recently collected females

are 120-134 and 27-31. The holotype of P. collaris has 20 small, closely

spaced teeth; we have not counted the teeth on the type of P. everetti. In other

respects both holotypes agree with the descriptive notes given above.

The only differences between the two holotypes not spanned by variation

in the new snakes concern color and the small extra internasal. The holotype

of P. collaris is the only one of the specimens involved having a light collar.

It is also the only one having the minute median internasal, which, as we

have already observed, we believe to be an anomaly. In view of the otherwise

comprehensive similarity of this holotype with the other specimens, we are

inclined to view these differences as reflecting individual rather than inter-

specific variation. We therefore recommend the following synonymy;
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-—-"-"-' -.-JiiSaMw^-JOia^.

Figure 2. Dorsal and lateral views of heads of P. collaris. Top, CNHM 138670. Bottom,

CNHM 138671.

Pseudorabdion collaris (Mocquard) (fig. 2).

Idiopholis collaris Mocquard, 1892, Mem. Soc. Zool. France, vol. 5,

p. 191, pi. 7, fig. 1 (type locality, Sebruang River, Borneo).

Idiopholis cveretti Shelford, 1901, Ann. Mag. Nat. Hist., ser. 7, vol. 8,

p. 517 (type locality, Sawah, North Borneo).

Of those species of Pseudorabdion which lack loreal and preocular scales,

only P. ater (Taylor) and P. collaris (Mocquard) have the frontal shield

forming part of the orbital border. The holotype and only known specimen of

P. ater differs from P. collaris in having only 12 maxillary teeth and the ocular

"Brille" fused to the postocular. It, therefore, represents a more advanced

stage of specialization than P. collaris.

Two other nominal species from Sarawak have been known from single

specimens since they were described in 1896 and 1901. The holotype of P.

albonuchalis (Glinther) was never deposited in a museum; authorities at the

British Museum have no record of it (Leviton and Brown, 1959) and we have

pored through the collection of the Sarawak Museum without finding it.

We have examined the holotype of P. saravacensis (Shelford).

These species are supposedly very similar. According to the original de-

scription they have an elongate lori-ocular, no preocular, small internasals and
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large prefrontals, five or six supralabials, and are black dorsally and ventrally

except for light markings on the head and neck. The original descriptions

differ in only three major points. The frontal of P. albonuchalis was said to

form part of the orbital border, whereas it was excluded from the orbit of

P. saravacensis. The ventral and subcaudal counts were given as 141+43
for P. albonuchalis and as 113 + 26 for P. saravacensis. According to our

observations, the holotype of P. saravacensis is a male having counts of

109 + 26. -The light markings of P. albonuchalis consisted of a broad light

collar that covered half of the parietals and part of the neck; P. saravacensis

had a light blotch on each side of the head above the rictus and a band on the

neck.

Four snakes recently collected in Sarawak are obviously related to these

forms. They have the frontal separated from the orbit as in P. saravacensis,

but their ventral and subcaudal counts (males 127-128 + 58-60; female

142+40, the very tip of the tail missing) and coloration are those of P.

albonuchalis. With one exception their remaining characters agree with both

original descriptions.

The one scale characteristic in which the new snakes differ somewhat

from the holotypes involves the supraocular and postocular. In two males

(CNHjNI 151709-10) from Sungei Pesu, Fourth Division, Sarawak, these

scales are fused on one side of the head. In a male (CAS 101500) and a female

(CNHM 131633) from Niah, Fourth Division, Sarawak, these scales are

fused on both sides. The orbital scutellation is clearly subject to individual

variation in these snakes and recalls that observed in another fossorial

colubrid from the same region, Calamaria schlegeli (Inger and Marx, 1965).

The difference between these four snakes and the holotype of P. albonu-

chalis in the relation of the frontal shield to the orbital border is probably

also a matter of individual variation. The agreement of the four new speci-

mens with the original description in counts and coloration argues for this

explanation as does the variation just discussed. There is little doubt that

these four snakes are conspecific with P. albonuchalis.

The distinctions between the holotype of P. saravacensis and P. albonu-

chalis cannot be ascribed to individual variation. The coloration in the five

known specimens of P. albonuchalis is constant and different from that of

P. saravacensis. The subcaudal count of the P. saravacensis holotype, which

has a complete tail, is only half that of the males of P. albonuchalis. The
difference in ventral counts (109 vs. 127-128) is moderate. We therefore

believe P. saravacensis (Shelford) to be a distinct species.

As the holotype of P. albonuchalis seems to be lost (as already noted),

and in view of the complex problems relating to the recognition of nominal

= The discrepancy in ventral counts of the holotype arises from our omission of the narrow median gulars.
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Figure 3. Dorsal and lateral views of head of P. albonuchalis, neotype (CNHM 151709).

species of Pseudorabdion, we are designating one of the newly collected

specimens as neotype. We have selected a male rather than the single female

because the male has a complete tail and is otherwise in a better state of

preservation.

Pseudorabdion albonuchalis (Giinther) Neotype: Chicago Natural History

Museum 151709, a male collected at Sungei Pesu, Fourth Division, Sarawak,

March 22, 1964 by Mr. William Hosmer (fig. 3).

Rostral narrow, distinctly higher than wide; internasals half length of

prefrontals; frontal slightly longer than prefrontal, excluded from orbit;

prefrontal and supraocular forming dorsal border of eye; nasal divided; a

long lori-ocular; five supralabials, third and fourth bordering eye; one

postocular; five infralabials; mental touching anterior chin shields; scale

rows 15; ventrals 127; anal entire; subcaudals 60; snout-vent length 200 mm.,

tail 72 mm.; light collar occupying half of parietals and a band of four scales

behind parietals.

Pseudorabdion albonuchalis differs from other species of this genus having

a lori-ocular in various ways. The presence of a wide yellow collar on an
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Otherwise dark brown or black body, the contact of mental and chin shields,

and the higher number of maxillary teeth (17-21) distinguish P. albonuchalis

from P. sarasinorutn (Miiller).

Both P. mcnamarae Taylor (known from at least 11 specimens) and P.

taylori Leviton and Brown (known from 3) have less than half as many
maxillary teeth (7-8) as P. albonuchalis. The rostral of P. albonuchalis is

distinctly deeper than wide whereas those of P. taylori and P. mcnamarae are

as wide as deep. The hemipenis of P. albonuchalis (CNHM 131634) has

spinose lobes, that of P. taylori calyculate ones. Differences from P. sarava-

censis are mentioned above.

Key to the Species of Pseudorabdion

(Modified from Leviton and Brown, 1959)

la. Loreal shield absent; prefrontal in contact with upper labials.

2a. Preocular present ; supraocular present ; internasal not in contact with upper labials

;

maxillary teeth 11-12 P. longiceps

2b. Preocular absent; supraocular present or absent; internasals almost always in contact

with upper labials.

3a. Frontal borders orbit.

4a. Maxillary teeth 12; postocular fused to ocular "Brille" P. ater

4b. Maxillary teeth 20; postocular not fused to ocular "Brille" _ .- P. collaris

3b. Frontal not bordering orbit.

5a. Supraocular and postocular shields separate P. eiselti

5b. Supraocular and postocular shields fused.

6a. Each scale of outer row with dark centers and light borders; ventrals uni-

formly dark brown except for extreme posterior outer edges which are light

;

ocular "Brille" usually fused to combined supra- and postoculars; subcaudals

(6) 22-24, (9) 16-17 P. oxycephalum

6b. Each scale of outer row with light centers ; ventrals whitish with dark brown

more or less confined to a broad median band; ocular "Brille" not fused to

combined supra- and postoculars; subcaudals ( <^ ) 28, ( $ ) 21-24 P. montanum

lb. Loreal shield present; prefrontal not in contact with upper labials.

7a. Anterior chin shields not in contact with mental; nasal shield divided _.__ P. sarasinorutn

7b. Anterior chin shields in contact with mental ; nasal shield not divided.

8a. Maxillarj- teeth more than 15.

9a. Ventrals more than 125; subcaudals more than 40 P. albonuchalis

9b. Ventrals less than 120; subcaudals less than 30 P. saravacensis

8b. Maxillary teeth less than 10.

10a. Light nuchal collar usually present; subcaudals 17-30; distal portion of hemi-

penes minutely spinose P. mcnamarae

10b. Light nuchal collar absent; subcaudals more than 30; distal portion of hemi-

penes calyculate _ P. taylori
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Participation in the Galapagos International Scientific Project gave the

senior author an opportunity to collect a series of tardigrades along with other

material on several islands of the Galapagos Archipelago, Ecuador, and on

Cocos Island, Costa Rica. This Project covered the period from January

through early March, 1964. It was sponsored by the Charles Darwin Foundation,

the University of California (Berkeley), and the California Academy of Sciences,

with principal financial support from the National Science Foundation (Grant

GE 2.370), the Belvedere Scientific Fund of San Francisco, and the Shell Oil

Company. Tactical support was furnished by the navy of the Republic of

Ecuador, and the United States Navy. Logistics were handled by the University

of California Extension Division.

Samples of representative habitats were collected by the senior author

mainly from the south side of Santa Cruz Island, the vicinity of Guayaquil,

Ecuador, and from Chatham Bay, Cocos Island. Additional samples were

taken by other members of the expedition, as indicated in the collection data.

One sub-sample of most collections was washed at the Darwin Research Station

at Academy Bay, Santa Cruz Island, fixed in hot water, and preserved in

5 percent formalin. The remainder of each sample was dried for later processing.

Representative tardigrades from each sample were mounted singly in Hoyer's

or in Faure's formulas for microscopic study.

Samples were taken during the spring, and occasional precipitation wet

most of the collecting areas. However, those stations below 35 meters were

exceedingly dry between rains. Cryptograms on soil, rocks, and vegetation were
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the most productive habitats. Baermann funnel extractions of organisms from

a comparable number of soil samples yielded no tardigrades.

The study area on Santa Cruz Island included the seashore from Punta

Nuiiez to Pelican Bay, the old trail to Bella Vista, and the trail from Horne-

man's Farm to the grassland area. Altitudes are approximations based on known

points determined by Dr. Robert L. Pyle, meteorologist of the United States

Weather Bureau, from barograph readings. The collections are listed according

to specific islands in the Galapagos Archipelago, and for Santa Cruz Island,

by altitude from sea level to about 500 meters. The islands are identified by

their proper Ecuadorian names with common English equivalents in paren-

theses. Distribution information is given later for each species by number,

referring back to this section for details.

The results of this study show mainly that most of the species of tardigrades

so far collected in the Galapagos Islands are already known on the continents.

Two species presumed to be endemic ultimately may be discovered in the

faunas of Central or South America. This study also points out the similarity

of the Galapagos tardigrade fauna to those of Brazil and the United States.

This is due undoubtedly to the existence of knowledge about tardigrades in

the Brazilian and the United States faunas and the lack of it in the faunas of

Central and South America, excluding Brazil.

We appreciate the kindness of Dr. William A. Weber, of the University of

Colorado, who identified the plant material, and of Dr. G. Ramazzotti, who

confirmed the identifications of the tardigrades in the genera Echinisciis and

Macrobiotus. The plant specimens have been deposited in the Department

of Botany, University of California at Davis, and the tardigrada in the

Department of Entomology of the same institution.

COLLECTION DATA

Dakwin Island (Culpepper).

67. Ramalina sp., on Croton, II-1-1964, D. Q. Cavagnaro.

Wolf Island (Wenman).

68. Lichen species not determined, on cliffs near top of island, 1-31-1964,

D. Q. Cavagnaro.

70. Lichen species not determined, on Croton and Scalcsia, from upper

plateau, 1-31-1964, D. Q. Cavagnaro.

71. Lichen species not determined, on Croton, near summit, 1-31-1964, D. Q.

Cavagnaro.

Fernandina Island (Narborough).

IDS and 106. Feces of a probably extinct species of tortoise, in "meadow"

of wet pumice, II-6-1964, J. R. Hendrickson.

95. Anaptychia tropica kurokawa var. antillarum (Vainio), from Bursera

forest zone, 335 meters, II-6-1964, D. Q. Cavagnaro.



Vol. XXXIV] SCHUSTER AND GRIGARICK: GALAPAGOS TARDIGRADA 317

PiNZON Island (Duncan).

96 and 151. Ramalina usnea (Linnaeus), Teloschistes jlavicans (Swartz),

Parmclia sp., and Micromitrium sp., on lava and Croton, 340 meters,

II-7-1964, D. Q. Cavagnaro.

97 and 146. Frullania sp., Anaptychia leucomclaena, Pseudocyphellaria

aurata (Acharius), Teloschistes jlavicans (Swartz), Parmelia sp.,

and Usnea sp., at summit area, II-7-1964, D. Q. Cavagnaro.

Santa Cruz Island (Indefatigable).

Marine

60. Punta Nufiez, in washings of barnacles from high and midtide zone,

II-1-1964, R. O. Schuster.

167. Darwin Research Station, in washings of coral from tide pools in reef

near station dock, 11-14-1964, R. O. Schuster.

Darwin Research Station below the barranco (50-foot lava clijj back of station).

166. Parmelia tinctorum Desportes, on dead tree, 1-29-1964, R. O. Schuster.

153. Ramalina sp., less than 10 meters, 1-21-1964, R. O. Schuster.

161. Ramalina usnea (Linnaeus), and Parmelia tinctorum Desportes, on

dead Mayetina, less than 10 meters, 1-20-1964, R. O. Schuster.

162. Parmelia sp., on Acacia, 1-29-1964, R. O. Schuster.

38. Ramalina sp., 15 meters, 1-28-1964, R. O. Schuster.

158. Parmelia tinctorum Desportes, on Bursera, 1-25-1964, R. O. Schuster.

147. Ramalina sp., 25 meters, 1-21-1964, R. O. Schuster.

47. Lichen species not determined, 25 meters, 1-28-1964, R. O. Schuster.

Above the barranco, near seismic station, approximately 40 meters.

159. Teloschistes flavicans (Swartz), Parmelia sp., and Ramalina sp.,

1-29-1964, R. O. Schuster.

160. Ramalina sp., 1-29-1964, R. O. Schuster.

163. Parmelia tinctorum Desportes, Ramalina sp., and Rocella babingtonii

Montague, 1-29-1964, R. O. Schuster.

Old trail to Bella Vista.

80. Parmelia sp., Cladonia sp., and Campylopus sp., very dry, 35 meters,

II-4-1964, R. O. Schuster.

107. Moss and lichen, species not determined, 35 meters, II-2-1964, R. O.

Schuster.

86. Parmelia tinctorum Desportes, 70 meters, II-4-1964, R. O. Schuster.

149. Ramalina sp., 70 meters, II-4-1964, R. O. Schuster.

81. Parmelia tinctorum Desportes, and Ramalina usnea (Linnaeus), on

bark, 90 meters, II-4-1964, R. O. Schuster.

82. (? Hymenostomum) , on soil, 90 meters, II-4-1964, R. O. Schuster.

83. Frullania sp., on rock, 90 meters, II-4-1964, R. O. Schuster.

85. Micromitrium sp., 90 meters, II-4-1964, R. O. Schuster.
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156. Parmelia tinctorum Desportes, on log, 90 meters, II-4-1964, R. O.

Schuster.

165. Frullania sp., Parmelia sp., and Raiualina sp., 90 meters, II-4-1964,

R. O. Schuster.

107. Moss and lichen, species not determined, 35 meters, 11-12-1964, R. O.

Schuster.

Horneman Farm to grassland.

150. Moss and Parmelia latissima Fee, Horneman Farm, 237 meters, 11-15-

1964, R. O. Schuster.

126. Moss species not determined, 11-16-1964, R. O. Schuster.

127 and 130. Meteoriopsis sp., and Parmelia latissima Fee, on coffee tree,

Horneman Farm, 237 meters, 11-15-1964, R. O. Schuster.

135. Moss species not determined, on rocks near bamboo groves, 260 meters,

n-15-1964, R. O. Schuster, D. Q. Cavagnaro.

116. Riccia sp., on rocks in canyon, Miconia zone, 400 meters, 11-17-1964,

R. O. Schuster, D. Q. Cavagnaro.

154. Hepatic species not determined, and fungus, Miconia zone, 450 meters,

H-l 7-1964, R. O. Schuster.

141. Moss, Frullania sp., and Sticta sp., Miconia zone, 450 meters, TT-17-

1964, R. O. Schuster.

123. Octoblepharum albidum Hedwig, Miconia zone, 450 meters, H-l 7-1964,

R. O. Schuster, D. Q. Cavagnaro.

134. Hepatic and Sticta sp. on Miconia, 450 meters, TT-1 7-1964, R. O.

Schuster, D. Q. Cavagnaro.

125. Lye podium complanatum Linnaeus, 490 meters, H-l 7-1964, R. O.

Schuster, D. Q. Cavagnaro.

Jensen Island (off shore from Academy Bay, Santa Cruz Island).

92. Ramalina sp., on dead bushes, II-8-1964, R. O. Schuster.

Santa Maria Island or Floreana (Charles Island).

90. Moss species not determined, 245 meters, II-6-1964, C. B. Koford.

91. Mixed lichen species not determined, II-6-1964, C. B. Koford.

Ecuador, Guayaquil.

Moss and Physcia sp., on trees, III-4-1964, R. O. Schuster.

Costa Rica, Cocos Island.

Chatham Bay, III-8-1964, R. O. Schuster.

1. Plagiochila sp., pilotrichum bipinnatum ( Schwaegrichen ) Mitten, and

Meteoriopsis qatula (Hedwig) Brotherus.

2. Octoblepharum albidum Hedwig.

3. Hepatics, and pilotrichum bipinnatum (Schwaegrichen) Mitten.
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SYSTEMATICS
Suborder HETEROTARDIGRADA Marcus, 1927

Superfamily Echiniscoidea Marcus, 1927

Family Oreellidae Ramazzotti, 1962

Genus Echiniscoides Plate, 1889

Echiniscoides sigismundi (Schultze, 1865).

(Figure 1.)

Specimens measure up to 300/x in length but are usually smaller. The

species is colorless or nearly transparent with a slight greenish or brownish

cast. Large black eyes are present. The most obvious and distinguishing

character is the number (6, 8, or more) of claws on each leg.

This is an exclusively marine tardigrade often collected from algae in the

collars of barnacles. It is a cosmopolitan species. Specimens were recovered

from both Santa Cruz Island marine localities 60 and 167.

Archechiniscus Schulz, 1953

Archechiniscus marci Schulz, 1953.

(Figure 2.)

The length is about 200;U. The body is nearly transparent with smooth

cuticle and obscure segmentation. Nine body segments have been noted by

Schulz. Large eye spots are present. The external claws are implanted on the

legs and have basal spurs, while the internal claws are separated from the

legs by toe-like appendages and are without spurs.

This marine tardigrade was known previously from the coast of El Salvador.

One example was recovered from Santa Cruz Island, sample number 167.

Family Echiniscidae Thulin, 1928

Genus Echiniscus Schultze, 1840

Echiniscus viridis Murray, 1910.

(Figure 3.)

The length is about 250/j., and the body is dark green. The cuticular mark-

ings consist mainly of darker-green thickened areas on a lighter-green cuticle.

Transverse bands of smaller polygons on colorless cuticle are present at the

anterior margin of plates B and C. Spine A is about 25/x long on specimens

of 250/x and it is the only lateral spine present. Dorsal spines are absent. Each

leg has a plate, and leg IV has a collar of distinctly spaced teeth. The internal

claws of legs IV have a basal spur.

This species is recorded from Brazil, Hawaii, and Scotland. Five specimens

were collected on Santa Cruz Island, on the old trail to Bella Vista, sample

numbers 80, 86, and 107.
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Echiniscus cavagnaroi Schuster and Grigarick, new species.

(Figure 5.)

Length 210/x. Eye spots absent. Dorsal plates C and D longitudinally

divided, and anterior halves transversely divided by 2 smooth bands. Inter-

segmental plates II and III transversely divided. Plates present on all legs.

Dentate collar on leg IV with 8 to 12 accuminate teeth. Venter simple. Internal

buccal spine shorter than external, spines about 15/x long; buccal papilla 7/^

long, spine A 50^, and clava 5/x. Lateral spine C and spine E S^u, long (spine E
is sometimes dichotomous and spine D'' is occasionally present, as on the

specimen illustrated). Dorsal plates punctate, with larger pores of about 3//

diameter in random pattern, and with smaller pores of Vijj, to 1/x diameter.

Inner claws of each leg with small basally directed spur.

Holotype from Santa Cruz Island, old Bella Vista trail, sample number

165, deposited in the Department of Entomology, L'niversity of California,

Davis. Eighteen paratypes were found in samples 81, 83, 86, and 165.

Paratypes deposited at Davis and at the California Academy of Sciences,

Department of Invertebrate Zoology. The lengths of 19 specimens were rather

eventy distributed between 160ju and 220/x. This species keys to E. calcaratus

in Ramazzotti (1962), but differs by having claws with a basal spur, and by

having a third median plate.

We take pleasure in naming this species for David Q. Cavagnaro who

collected tardigrades from many islands of the Galapagos Archipelago.

Echiniscus kofordi Schuster and Grigarick, new species.

(Figure 6.)

Length 190/x. Eye spots absent. Dorsal plates C and D longitudinally

divided, and with obscure transverse divisions. Median plates I, II, and III

present with transverse division of II obscure (distinct on some specimens of

the series). Scapular and terminal plates have raised, intersecting bands, plates

C and D with one longitudinal band laterad. Incision of terminal plate very

weak, represented by a thin line. Internal buccal spine lOjx long, papilla 1 ^x,

external spine 12/x. Seta A 22/x long, clava 5/^. Spine A the only lateral or dorsal

spine present. Dorsal plates covered with large irregularly placed granules of

Figure 1. Echiniscoides sigisiinatd! (Schultze). Claws.

Figure 2. Archechiniscus nmrci Schulz. 2B body, 2A legs IV.

Figure 3. Echiniscus viridis Murray. i.\ body, 3B photomicrograph of cuticle, 3C inner

claw leg IV, 3D collar leg IV.

Figure 4. Pseudechiniscus juanitae Barros. 4A body, 4B pseudosegmental plate. 4C cu-

ticle granulation, 4D inner claw leg IV.

Figure 5. Echiniscus cavagnaroi, new species. 5A, dorsum; 5B, photomicrograph of cuticle.
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up to 2.5/x diameter. Plates faint on legs I-III, developed on leg IV. Leg IV

with collar of about 12 accuminate teeth. Internal claws of leg IV with small

basally directed spur.

Holotype from RamaUna species, Darwin Research Station sample 153,

deposited in the collection of the University of California, Davis. Paratypes

were from the following samples: Santa Cruz Island, old trail to Bella Vista,

81 and 83; Horneman Farm to grassland, 130, and 153; Santa Maria Island,

90; Pinzon Island, 97. Paratypes deposited at Davis and the California

Academy of Sciences, Department of Invertebrate Zoology. The lengths of 14

specimens were from 120/x to 185^ with the majority being between 165^

and 170/i,.

This species is related to E. tesselatus, and would key to that species in

Ramazzotti (1962). However, the divisions of the scapular and terminal plates

are different, and the spine A of E. tesselatus is very much longer.

The species is named for Dr. Carl B. Koford who collected the specimens

from Santa Maria Island.

Echiniscus quadrispinosus Richters, 1902.

(Figure 7.)

The longest of our 10 specimens is 190/x, but lengths of 280;u, are recorded

in literature. Eyes are absent. Smooth lateral spines are present at all positions.

Dorsally C is usually present and smaller than D''. The plates have punctures

of irregular size and shape in addition to a fine, regular pattern between the

punctures (best observed with a phase contrast microscope and at high

magnification).

This series has been placed as E. quadrispinosus by Ramazzotti although

the appendages are exceptionally short, and it keys to that species with diffi-

culty. Dr. Ramazzotti expresses the opinion that it is a variable species in that

respect, but that the double punctation of the cuticle identifies the species as

E. quadrispinosus.

The species is known previously from Europe, Canary Island, Africa, North

America, and South America. The Galapagos specimens were recovered on

Santa Cruz Island from the following samples: old Bella Vista Trail, 81;

Horneman Farm to grassland, 130, 141, and 154.

Echiniscus duboisi Richters, 1902.

(Figure 8.)

The longest specimen measured 220jx, which approaches the reported

maximum of 250/x,. Lateral spines are present at all positions, and dorsal

spines at C and D''. The spines are usually somewhat serrate. The dorsal plates

are punctate, similar to those of the preceding species, but the secondary

pattern is absent. The specimens examined have shorter, less serrate spines

than previously reported for the species.



Vol. XXXR] SCHUSTER AND GRIGARICK: GALAPAGOS TARDIGRADA 323

Ecliiniscus duboisi is known from Australia, Java, Krakatau, South

America, and South Africa. The Galapagos collections were as follows: Santa

Cruz Island, Darwin Research Station, below barranco, 153; old trail to Bella

Vista, 81; Horneman Farm to grassland, 130, and 150.

Genus Pseudechiniscus Thulin. 1911

Pseudechiniscu.s juanitae Barros. 1939.

(Figure 4.)

Pseudechiniscus juanitae is characterized by having the head and head

appendages normal in shape and size, and by the absence of lateral appendages.

The pseudosegmental plate is reported to be bilobed. However, in the series

examined, this plate showed variation from a simple margin, to a narrow

transverse flap, to 2 small triangular teeth, to 2 large rounded or acute proc-

esses. The latter would key in Ramazzotti (1962) to P. ramazzottii or to

P. scorteccii but would not fit their descriptions. The granulation of the plates

is constant for specimens regardless of the development of the pseudosegmental

plate, and these granules are large enough to preclude placing these specimens

with P. suillus which has a simple plate margin.

Specimens were collected from Fernandina Island, sample 95, and from

Santa Cruz Island, Horneman Farm to grassland numbers 130, 134, 150,

and 141.

Suborder EUTARDIGRADA Marcus, 1927

Family Macrobiotidae Thulin, 1928

Genus Macrobiotus Schultze, 1834

Macrobiotus hufelandii Schultze, 1834.

(Figure 9.)

This species may be 300/x to 400/x long. The cuticle is smooth and frequently

yellowish in color. The buccal tube is somewhat variable in width, but it is

wider than that of M. hibiscus found on the mainland of Ecuador. The macro-

placoids are rod-shaped, with the first slightly interrupted medially and longer

than the second. A microplacoid is present. Processes of the egg are short,

bulbose, and terminate with a tangential disc, similar to, but larger and fewer

than the processes oi M. hibiscus.

This cosmopolitan species is the most common member of the genus

recovered on the Galapagos Islands. It was taken from the following samples:

Wolf Island, 68, 70, and 71; Fernandina Island, 95, and 105; Pinzon Island,

96, 97, 146, and 151; Santa Cruz Island, Darwin Research Station below

barranco, 38, 47, 138, 147, 153, and 166; at seismic station, 159, and 163;

old trail to Bella Vista, 80, 81, 82, 83, 85, 107, 149, and 165; Horneman Farm

to grassland, 125, 126, 127, 130, 134, and 135; Jensen Island, 92; Santa

Maria, 90.
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Macrobiotus hibiscus Barros, 1942.

(Figure 10.)

Larger specimens of this species measure about 300/t. The body is white,

and the cuticle smooth. Two macroplacoids and a microplacoid are present,

with the first macroplacoid longer than the second. Both macroplacoids are

shorter and wider than those of M. hujelandii. The egg is similar to that of

M. hujelandii but the processes are smaller and more numerous.

This species was previously found only in Brazil. This series was recovered

from a mixture of moss and lichen on trees in Guayaquil.

Macrobiotus harmsworthi coronatus Barros, 1942.

(Figure 11.)

Larger individuals of this species may be over 300^ long. The body is

white and the cuticle smooth. There are three rod-shaped macroplacoids, the

first and third of approximately equal lengths, and slightly longer than the

middle placoid. A microplacoid is present. The egg processes are elongate,

conical, and have a distinct pattern. This pattern appears as a "crown of dots"

when the bases of the process are in focus. The size and number of processes

vary somewhat.

The distribution of M. harmsworthi is cosmopolitan, but this subspecies has

been known previously only from Brazil and California. Specimens were

recovered from Pinzon Island, 96, 97, and 146, and from the following Santa

Cruz Island samples: Darwin Research Station, below the barranco, 153; the

old Bella Vista trail, 80, 82, 83, 85, and 107; Horneman Farm to grassland,

123, 125, 126, 127, 130, 134, 135, 141, 150, and 154.

Macrobiotus richtersi Murray, 1911.

(Figure 12.)

This is a rather large species. Specimens frequently are more than 500/x

long. The body is white, and the cuticle smooth. The three macroplacoids are

narrow rods of equivalent lengths, and the microplacoid is small. The buccal

tube is very wide with the stylet supports positioned about as far from the

base of the buccal tube as the tube is wide. The egg processes are hemispherical.

Macrobiotus richtersi has been found in Europe, Africa, North America,

and South America. Specimens were collected on Cocos Island, and in the

Galapagos on two islands: Pinzon Island, 146; Santa Cruz Island, Horneman
Farm to grassland, 123, 126, 130, and 135.

Figure 6. Echiniscus kojordi, new species. 6A, dorsum; 6B, collar leg IV; 6C, photo-

micrograph of cuticle.

Figure 7. Echiniscus quadrispinosus Richters. Dorsum.

Figure 8. Echiniscus duboisi Richters. Spines.

Figure 9. Macrobiotus hujelandii Schultze. Processes of egg.

Figure 10. Macrobiotus hibiscus Barros. lO.'V mouthparts, lOB egg.
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Macrobiotus montanus Murray, 1910.

(Figure 13.)

Recorded specimens of ilf . montanus have a maximum length of 500/j,. They

are white, and the cuticle smooth. The three macroplacoids are of subequal

size and are globular. A small microplacoid is also present. The buccal tube

is very narrow with the stylet supports attached near its middle.

Macrobiotus montanus has been infrequently collected in Europe and Africa.

Two specimens were recovered from Santa Cruz Island sample 80.

Genus Itaquascon Barros, 1939

Itaquascon umbellinae Barros, 1939.

(Figure \S.)

The length of a single example is 3S0/x. The cuticle is smooth and the

color, which was not noted prior to mounting, is supposedly off-white or

brownish. Eye spots are absent. The pharyngeal tube is thin and not annulate

as in the only other species, /. bartosi. Placoids are absent.

A provisional identification is made in this case because the only available

specimen, mounted in Faure's, is insufficiently cleared. However, the species

is known from both North and South America, and is probably correctly

identified on the basis of the pharyngeal tube.

The specimen is from Santa Cruz Island, Horneman Farm to grassland, 154.

Family Milnesiidae Ramazzotti, 1962

Genus Milnesium Doyere, 1840

Milnesium tardigradum Doyere, 1840.

(Figure 14.)

This species may exceed a length of SOO^i. The body color is variable, from

red-brown, to white, or transparent, the cuticle is smooth. Distinct segmentation

of the body is usually apparent. The buccal tube is short and thick, and the

pharynx is without placoids. The species is easily recognized by the claws of

which the proximal member is short and divided, and the distal member is

long, thin, and entire.

Milnesium tardigradum is cosmopolitan, and was found on Cocos Island

and in most of the Galapagos Island collections as listed below: Wolf Island,

Figure 11. Macrobiotus harmsworthi coronatus Barros. llA, egg; llB, mouthparts.

Figure 12. Macrobiotus richtersi Murray. Mouthparts.

Figure 13. Macrobiotus montanus Murray. 13A and 13B, egg; 13C, mouthparts.

Figure 14. Milnesium tardigradum Doyere. Claws of leg IV.

Figure IS. Itaquascon umbellinae Barros. ISA, mouthparts; 15B, claws leg IV.
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70, and 71; Fernandina Island, 95; Pinzon Island, 96, 97, 146, and 151; Santa

Cruz Island, Darwin Research Station below the barranco, 47, 147, 153, 158,

162, and 166; Darwin Research Station; at seismic stations, 159, 160, 161,

and 163; old trail to Bella Vista, 80, 81, 82, 83, 85, 86, 107, 149, 156, 165;

Horneman Farm to grassland, 126, 127, 116, 130, and 150; Santa Maria Island,

90; Cocos Island, Chatham Bay, 3.
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Introduction

A large lizard which lives on lava reefs at the edge of the ocean, feeds on

seaweeds at depths up to 35 feet, basks in huge aggregations, and has communal

nesting grounds on a remote archipelago of the Pacific Ocean, is indeed a

unique wonder of evolution.

Such a lizard is the marine iguana {Amblyrhynchus cristatus) which is

endemic to the Galapagos Islands, an archipelago of approximately 25,000

square miles lying 600 to 700 miles west of Ecuador in equatorial waters.

It belongs to a large family of lizards, the Iguanidae, which ranges primarily

throughout the New World. Two other genera of this family are also found

on these islands; the large land iguanas (Conolophus) which are also endemic,

and the lava lizards (Tropidurus) which are also represented on the continent

of South America.

This account concerns the marine iguana, which was studied in particular

to relate its behavior patterns and ecological requirements to other genera

and species of the family.

The marine iguana was observed by this writer on two expeditions to the

Galapagos Islands. The first, with the support of a grant from the National

Science Foundation (G- 19420) extended from late January to early June of

1962. The second, as an invited scientist participant with the Galapagos Inter-

national Scientific Project, supported by the National Science Foundation grant

GE-2370 to the University of California, included five weeks on these islands.

The California Academy of Sciences was a co-sponsor of the latter project.
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The base of operations for these expeditions was the Charles Darwin

Research Station, located near the village of Academy Bay on the southeast

corner of Indefatigable Island, the central island of the archipelago. This

research station is maintained by the Charles Darwin Foundation for the

Galapagos Islands which is international in scope.

The marine iguana was described by Bell in 1825. Garman (1892) mentions

that there appeared to be three forms of this species. Today seven races are

recognized (Eibl-Eibesfeldt, 1962) though these descriptions fail to include

those marine iguanas found on such islands as Bindloe and Wenman. The

seven described races and the islands where they are found are: Amblyrhynchus

cristatids cristatus Bell—Narborough; Amblyrhynchus cristatus hasst Eibl-

Eibesfeldt—Indefatigable; Amblyrhynchus cristatus albemarlensis Eibl-Eibes-

feldt—Albemarle; Amblyrhynchus cristatus venustissimus Eibl-Eibesfeldt

—

Hood; Amblyrhynchus cristatus mertensi Eibl-Eibesfeldt—James and Chatham;

Amblyrhynchus cristatus sielmanni Eibl-Eibesfeldt—Abingdon; Amblyrhynchus

cristatus nannus Garman—Tower.

The geographical range of the marine iguana includes the coastal areas of

all of the islands, islets, and sea rocks of the archipelago.

Population Distribution

No complete survey of the abundance and distribution of the marine iguana

throughout the archipelago has been undertaken and this is probably not

feasible because of the nature of the coast lines. From my own observations

and from literature sources, these lizards occur in certain large concentrations

with many sparse populations scattered around the island coast lines.

The large aggregations observed were associated with areas of lava reef

that offered feeding sites and which had associated land areas with suitable

nesting conditions.

The largest populations of marine iguanas were observed at Punta Espinosa

on the northwest corner of Narborough Island and at Punta Suarez at the

west end of Hood Island. Other large populations were noted on Jensen Island

lying in Academy Bay off the southeastern coast of Indefatigable Island, the

southern shores of Bindloe and Abingdon islands, and the coasts of Indefatigable

Island in the area of Academy Bay.

Small numbers were recorded on Wenman Island, near Punta Vincente on

northwestern Albemarle Island, at James Bay on James Island, and at Tortuga

Bay on Indefatigable Island a few miles west of Academy Bay.

These lizards were very scarce, only one or two to a few individuals being

seen along the area of Post Office Bay and Black Beach on Charles Island and

on the north side of Duncan Island. At Punta Ceravallo at the eastern end of

Hood Island, Gardner Island near Hood Island, and on Barrington Island,
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small scattered populations were present. None were observed near Wreck Bay

on Chatham Island.

Slevin (1935) cites references to a large population of marine iguanas at

Iguana Cove, Albemarle Island.

The observations included in this paper concern primarily the large popu-

lations located at Punta Espinosa on Xarborough Island, Punta Suarez on

Hood Island, and those in the vicinity of Academy Bay.

Punta Suarez forms the western tip of Hood Island. The north side of the

point is formed of intermittent coral-sand beaches between low lava exposures.

The tip of the point is an array of huge lava boulders which extend back east

along the south side. The land rises from north to south forming cliffs reaching

in some places to 50 feet. Below the cliffs are exposed reefs and boulder

beaches of lava which vary in expanse with the tides. The land also rises from

west to east, reaching a plateau strewn with rough lava outcrops and boulders.

The lower areas are a tangle of bushes while the higher areas are more open

with some patches of soil supporting sparse grass cover. This latter area is

the nesting ground for the waved albatross and blue-footed booby. Along the

cliff edge are the nests of the masked booby and the swallow-tailed gull.

Galapagos doves, mocking birds, and geospizid finches are common, and the

short-eared owl is present here as a predator. Sea lions frequent all of these

shores.

Punta Espinosa projects from the northeast corner of Narborough Island

(Fernandina Island) into the cool waters of Bolivar Channel.

There are two beaches on the approximately quarter of mile of lava spit

which forms Punta Espinosa. The proximal portion of this point is covered

by a white beach composed of a mixture of coral and lava sand with many
small weathered and fragmented shells and other invertebrate remains mixed

in. This beach overlies lava, covering an irregular area about an acre in size.

Another similar but smaller sandy area is near the end of the point. To the

south of this point is a well protected lagoon, with the open ocean to the north.

The base of the point and edges of the lagoon are covered by thickets of

mangroves. Intermittent lava exposures and small lagoons and beaches extend

for a mile to the northwest of the point. Away from the point inland, extensive

fields of bare lava are encountered but a few yards from the sea.

Perhaps the most concentrated biomass of lizards per unit of area exists on

Punta Espinosa, and without doubt, at high tide the rock (steep rising lava

fault) at the tip of the point has the largest lizard biomass anywhere in the

world today. At such times, nearly every square foot is occupied by one or more

marine iguanas.

Three estimates (in 1964) of the number of lizards on this rock, con-

centrated in an area of approximately 60 by 20 feet, were 350, 300, and 500

on January 25 (1:30 p.m.), 26 (8:00 a.m.) and 27 (2:15 p.m.) respectively.
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A census of the entire point on January 25 gave 1,558 lizards and similarly

1,885 on the 27th. These lizards were not scattered at random, but were, for

the most part, in aggregations on the reefs within 30 feet or less of the water.

A rough estimate of the biomass for the point rock, with 500 individuals

averaging 76 cm. in total length and 3 pounds 8 ounces in weight would be

1,750 pounds.

Jensen Island is the small island lying in Academy Bay (area approximately

5 acres). A census of this island on April 6, 1962, yielded approximately 1,800

individuals, primarily in aggregations of from 30 to 200 on the reef fringing

the island. Dowling (1962) estimated 2,000 iguanas on this island.

Juveniles were not as apparent in the reef aggregations and apparently

the ratio of juveniles to adults is less than 1 to 10. Juvenile aggregations of

as many as 12 were observed, these small aggregations being separate from

adult aggregations. Juveniles were interspersed in many large aggregations

however.

Slevin (1935) states that some large males reach a length of 5 feet and

a weight of 20 to 22 pounds. From my experience, these individuals would

be very exceptional on the islands today.

At Academy Bay in 1962, 64 males ranged from 15.1 (snout-vent length)

35.5 (total length) cm. to 49.0/114.0 cm. in length (average 31.8/74.8 cm.)

and in weight from 4 ounces to 10 pounds 10 ounces (average of 3 pounds

2 ounces). The 46 females recorded for size ranged from 14.4/33.0 cm. to

33.2/78.5 cm. in length (average of 25.4/59.4 cm.) and in weight from 3

ounces to 3 pounds 4 ounces (average of 1 pound 7 ounces) (fig. 1).

In late January, 1964, at Punta Espinosa on Narborough Island, 21 males

ranged from 19.0/44.5 cm. to 43.0/107.0 cm. (average 34.1/81.8 cm.) in

length and from 10 ounces to 5 pounds 11 ounces (average of 4 pounds 6

ounces) in weight, while 5 adult females ranged from 26.0/58.0 cm. to 35.0/

88.0 cm. (average of 29.0/70.1 cm.) in length and from 1 pound 4 ounces

to 4 pounds 4 ounces (average 2 pounds 3 ounces) in weight.

The 12 territory holding males at Punta Suarez on Hood Island captured

in early February, 1964, ranged from 33.5/84.0 to 40.0/93.5 cm. (average

36.1/88.9 cm.) in length and from 3 pounds 6 ounces to 6 pounds 8 ounces

(average of 4 pounds 7 ounces) in weight. These included the largest males

observed in this area.

Beebe (1924) recorded individuals of 35 and 41 inches, the latter weighing

13 pounds.

Periodicity

All recorded observations on the marine iguana have been of short duration,

very few of more than a few weeks, thus the annual life cycle of activities

must be deduced from scattered evidence.
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My observations indicate that these cycles may vary by as much as a

month between populations on the eastern and western ends of the archipelago^

the western populations breeding first.

The breeding season starts in December on Narborough Island and about

one month later on Hood Island which lies in the southeastern section of the

archipelago, as evidenced by territorial behavior of the males and nesting

activity of the females. The territorial behavior and breeding begin to wane

by the end of January on Narborough and it was absent on Hood Island early

in April of 1962. The egg-laying period follows closely on the breakdown of

territories, commencing in late January or early February on Narborough

Island, with some laying still in evidence on Hood Island in mid-April. The

egg-laying period probably extends over a period of 3 to 4 weeks.

When the females are on the nesting beaches, the males are again forming

aggregations and are joined by the females as they complete their egg la\ang.

These aggregations are apparent until late in the year when territoriality again

begins to appear in the males.

The hatchlings begin to emerge in May, and on Hood Island, I would

predict they would emerge as late as early July.

The garua season, a period when a damp heavy mist hangs over these

islands, extends from June into October. It appears that the annual cycle of

the marine iguana is adapted to avoiding this cooler period for its reproductive

activity, the periods of greatest activity being between December and May.

Except for nesting females, I noticed no nocturnal activity by marine

iguanas. Since this equatorial area has little variance in sunrise and sunset,

there is little change in the daily cycle of activities. Perhaps the greatest

influences on the daily cycle are the temperature and the tides.

From my observations, there did not appear to be any significant difference

in daily movements to and from the feeding reefs between the breeding and

non-breeding season. Males preoccupied with territoriality leave their territories

to go to the reef to feed, but they did not feed every day.

The marine iguanas spend the first hour or two after sunrise (6:00 to 6:15

A.M.) basking in the morning sun, with many beginning to move to the reefs

or into the sea between 7:30 and 8:00 a.m. Many remain on the reef and do

not feed. If the tide is low, many of those feeding remain on the reef and

bask during the late morning and into early afternoon.

If the tide is high during the morning, some go out to sea to feed, while

others, but fewer numbers, may feed on the reefs in the rolling and crashing

incoming tide. If the tide is low during the afternoon, there are some iguanas,

but fewer in number, feeding and basking on the reefs.

Activity slows down between noon and late afternoon, with a very slight

increase in the later afternoon. During hot afternoons many iguanas seek the

shade of reef crevices, large boulders, and mangroves (if nearby) but still
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Figure 1. Scatter diagram indicating weight-length relationships of marine iguanas re-

corded near the Charles Darwin Research Station, Academy Bay, Indefatigable Island, in 1962.

9 Male, -|- female.

there are many on such occasions that continue to bask on the reefs in full

exposure to the hot overhead sun.

Just before sunset (6:00 to 6:15 p.m.) many retreat into crevices or beneath

boulders, but others spend the night exposed on the reef. They sleep in these

positions, those in the crevices hanging on the perpendicular sides or resting

on ledges with their heads on the lava. On islands where they live on reefs

backed by thickets of vegetation, many retreat into these thickets at night

and also use these for shade retreats during the afternoon heat. They readily

climb the stout branches of this vegetation.

The temperature relationships of the marine iguana are undoubtedly

complex and unique. This lizard basks or spends most of the daylight hours

exposed to the direct rays of the overhead sun, lying on the hot black lava,

and moves to the spray zone, edge of the reef, or into deep water to feed. This

deeper water (20 to 30 feet deep) is much cooler than the reef temperatures,

and well below the temperatures maintained by the lizards out of water.

A series of ambient temperatures taken on February 26, 1962, at Punta

Espinosa on Narborough Island are as follows (taken near midday).

In sun— 1.5 m (in wind) 27.7°C.

Sand surface—in sun 48.8 °C.

Lava surface—in sun 40.5 °C.
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In shadow of crack in lava 33.5°C.

Water (sea) at 10 cm. 28.8°C.

Water (sea) at 50 cm. 27.2°C.

In nest burrow 30.3°C.

Sand in shadow 43.3°C.

Deep crevice in lava (10 feet) 31.5°C.

The cloacal temperatures of 14 adult marine iguanas in this area ranged

from 30.5 "C. to 36.8 "^C. (average 34.1 °C.). The cloacal temperature of about

34°C. appears to be their optimum, for two other series of cloacal temperatures

taken on other islands agree very closely with this. The cloacal temperatures

for 129 iguanas at Academy Bay on Indefatigable Island in 1962 ranged from

28.2°C to 40.0°C. (average of 34.15°C.). A series of 38 cloacal temperatures

taken on Punta Suarez on Hood Island on April 16, 1962, ranged from 30.0°C.

to 37.7°C. (average of 34.26°C.). These cloacal temperatures were taken

throughout the daylight hours and show no significant differences during the

day. How much the cloacal temperature is affected when the iguana goes to

the sea to feed needs to be investigated, and though it undoubtedly drops, the

lizard is still active in this cool water and is able to remain below water for

15 to 20 minutes at least, and to feed actively.

Feeding Behavior

The marine iguana is a herbivore and is adapted morphologically, phys-

iologically, and behaviorally to living at the edge of the sea, feeding in the

sea, and resting and reproducing on the lava reefs next to the water.

The apparent reason why this lizard enters the water is that it does so to

feed; sometimes perhaps, it uses the water route for moving from one area to

another. Therefore, it can be assumed that certain of its physical characteristics

are adaptations contributing to its herbivorous habit.

The iguana body is elongate and fusiform. The tail is compressed into a

propelling structure which efficiently moves this lizard along the surface or

beneath the surface of the water. The long, sharp, recurved claws permit the

lizard to hold fast to the lava in heavy seas or when submerged in deep water.

The snout of the iguana is short and blunt and this enables it to get its jaws

into close contact with the substrate, especially the side of the head. The

tricuspate teeth are flattened laterally and lie in single rows along the sides

of the jaws immediately inside of the labial scales. In this position they provide

an effective serrated surface to rasp short-growing algae from the submerged

and exposed reef, or for browsing on more luxuriant algae in deeper waters.

At low tide at both Punta Espinosa and Punta Suarez, certain exposed

reefs were often covered by numerous grazing marine iguanas. There was no

apparent coordination in these feeding efforts, each lizard moving about

independently of the actions of others.
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When feeding, the iguana turns its head sideways, brings the jaws across

the lava in a rasping and tearing type of movement, and with a twist of the

head it jerks away, cropping off the algae. While doing this it holds tightly

to the lava, for the surf frequently crashes over the reef, at times completely

submerging the feeding lizard. I never saw one dislodged by the force of the surf.

The feeding iguana slowly works its way forward, about one to two inches

at a time, over the reef, rasping or tearing a few times, raising its head to

swallow or to rest (up to a couple of minutes). In this manner it may move

over 15 to 20 feet of the reef, moving in an irregular pattern, probably

determined by the presence of the food. This sequence of intermittent feeding

and resting may last up to a half hour, after which the lizard moves out of

the reach of the surf, and flattens and basks, or moves away from the reef

to a location above the tide line.

When feeding in a tide pool on the reef, the pattern is the same for the

submerged lizard. One was recorded as remaining submerged for 4 minutes

while feeding and slowly moving over the bottom of the tide pool 4 to 10

inches below the surface.

Along the reef-studded coast of many islands, I was often struck by the

presence of marine iguanas in deep water. Many of these lizards were not

swimming towards any particular mark, but appeared to be freely floating

on the ocean surface, bobbing like corks.

At Punta Espinosa in 1962, and again in 1964, large numbers of iguanas

were seen at sea, as many as 50 heads seen from one view. Some of these

were at least 450 yards from the nearest exposed reef. On February 1, 1964,

while on a trip in a small skiff to an area five miles west of this point, we

encountered many marine iguanas swimming far from shore. Three days later,

on a boat trip one to two miles south, we also encountered many iguanas in

deep water, 600 to 700 feet from the nearest shore. All of these lizards were

of adult size.

When approached, within variable distances of a few feet up to 50 feet,

a floating iguana quickly dived and usually was not seen again.

Darwin (1835) suspected the deep-water feeding habit of these lizards

when he wrote his diary: "I have reason to believe it (seaweed) grows at the

bottom of the sea, at some little distance from the coast. If such be the case,

the object of these animals occasionally going out to sea is explained."

Off the north side of Punta Espinosa, a reef lay approximately 100 feet

off shore. This reef was only slightly exposed at the lowest tide. At mid-

morning of February 28, I watched this area for two hours. During this time,

I saw iguanas appear above the reef, where no lizards had been seen for at

least five minutes, others were seen swimming to this area and disappearing

(diving), another was out to sea 200 feet beyond the reef; at times lizards

appeared at the surface (one timed at two minutes) where they floated, then
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dived again, while others surfaced in this area and swam to my observation

reef. All of this activity indicated that they probably were diving to feed along

this submerged reef. Similar observations were repeated the next day.

One of the skin divers of our party, ]\Ir. Ted Hobson, reported at first

seeing these iguanas feeding down to six feet under the water on the abundant

seaweed. He also reported seeing them surface with large pieces of seaweed

hanging from their mouths.

On the above-mentioned trip to the south of our camp, I took along a face

mask and proceeded to watch these lizards under water. The iguanas were

widely dispersed so that no more than two were ever seen at one time beneath

the surface. They were down to depths of 20 feet, swimming or resting on the

large lava boulders which formed the bottom. Small sharks and schools of

groupers and other large fish swam close by, but the iguanas showed no

response to them. Though they appeared to hang on with the claws when

resting, I observed one which appeared able to control its buoyancy, for it

seemed to float freely at this depth (15 feet). When they swam, they folded

back their legs and propelled themselves b}^ undulating the tail, moving over

the bottom and under ledges with ease. When stopped on the bottom, they

intermittently grazed on the seaweed.

I observed one continuously for three minutes. During this time, it blew

some bubbles from its nostrils. I assume this lizard had already been down for

at least a minute or two, and when it swam away it showed no indication of

surfacing. I estimate that some marine iguanas may stay submerged for as

long as 15 to 20 minutes. With only a face mask, I found it difficult to keep

track of individual iguanas for very long as they moved about in deep water.

This was made more difficult because of the cool temperature of the water

(23°C.). which chilled me in 15 to 20 minutes. That the marine iguana, a

poikilotherm, is able to be active and feed at this cool temperature, is another

wonder of its unique physiology.

Hobson (1965), with the aid of a depth gauge, later recorded marine

iguanas feeding down to depths of 35 feet and reports on other underwater

observations and shows a photograph of a marine iguana swimming in deep

water. He reports on an iguana staying submerged for over 30 minutes.

Darwin (1835) reports that a seaman aboard the H.M.S. Beagle sank a

marine iguana with a heavy weight attached to it, in an attempt to kill it, but

when the lizard was drawn up an hour afterwards, the lizard was quite active.

Most of the feeding observed took place during the low tides, and par-

ticularly when these occurred during the morning hours. There was a general

movement to the exposed reefs in mid-morning. However, the presence of many

iguanas at sea during high tide indicates that they also feed at this time. Most

swimming lizards were observed during morning hours.
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On March 1, 1962, at Punta Espinosa, an adult iguana was observed feeding

far back in a shaded, calm, shallow mangrove pool. The lizard worked back

and forth, entirely under water, propelling itself with its tail. It moved from

the base of one mangrove to that of another, grasping and tearing algae from

the base of the mangrove trunks. This alga was one to two inches in length

and was identified by Dr. Vale Dawson as Bostrychia sp.

Small groups of juveniles were seen feeding in the spray zone of the reef,

separated from the adults.

During February, 1964, stomach and intestinal contents were obtained

from four adult iguanas (two each from Hood Island and Jensen Island). The

physical state of these contents varied from amorphous masses of partially

digested algae to large fragments of broad filamentous algae, some pieces

measuring as long at three inches. The following identifications of the algae

were made by Dr. Paul C. Silva, Senior Herbarium Botanist, University of

California, Berkeley.

The Hood Island iguanas had eaten Tylotus ecuadoreanus Taylor, Bryopsis

indica triseriata Dawson, Plocamium pacijicum Kylin, Prionitis abbreviata

Setchell and Gardner, Glossophora galapagensis Farlow, Lophosiphonia villuni

(J. Agardh) Setchell and Gardner, and Pterosiphonia paucicorticata Dawson.

The Jensen Island iguanas had eaten Blossevillea galapagensis (Piccone and

Grunow) Taylor, Prionitis abbreviata Setchell and Gardner, Gelidium hancockii

Taylor.

All stomachs contained bryozoans, and one Hood Island lizard had fragments

of small crabs present, while another had shrimp remains.

A more thorough study might indicate that there is some selection of algae,

for there were algal species present which did not appear in the stomachs

(Silva—personal communication). However, the above data indicate that a

broad spectrum of algae are eaten (10 genera represented).

One late afternoon, on the reef at Punta Espinosa, a marine iguana was

observed eating the dried feces of its own species.

It was not uncommon to see one of these iguanas protrude its tongue into

contact with the substrate, doing this intermittently as it moved to a new area

of the reef. It appeared to be testing, perhaps for a familiar taste. This suggests

that, at times, a particular male may be able to recognize the previous presence

of other males in this manner, or that feces may be used in sign posting. This

possibility should be investigated further.

On May 6, 1962, while visiting with the Karl Angermeyers at Academy Bay

on Santa Cruz Island, Karl demonstrated his interesting relationship with

the marine iguanas which lived on the lava reefs adjacent to his home, which

was built on a lava ledge at the edge of the water. These iguanas wandered

back and forth over his porch and even into his living room. Though hesitant

to be touched, they would walk close to a person and to the Angermeyers' large
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dog. Karl stated that he often was able to call the iguanas to the porch to

be fed. He then proceeded to feed these herbivorous animals. He placed a dish

of pieces of raw goat meat on the porch. First one iguana, and then as many

as five were moving quickly up to the dish to snatch a piece of meat and

quickly gulp it down. Karl stated they would eat oatmeal and other foods, and

that he had seen them catch cockroaches in his living room. I took motion

pictures of the iguanas feeding on the goat meat. A picture of Karl feeding

an iguana by hand in the presence of his dog and cat can be seen in

Angermeyer, 1963.

Movement

On January 27, 1964, a series of 14 males were captured on one of the lava

exposures (Cactus Rock) on the northwest base of Punta Espinosa. These

males were selected because they were thought to show slight territorial tenden-

cies; they were on prominences and separate from aggregations at the time

captured. They were also the largest males observed in this area during the

morning period when captured. Each was given a different number (painted

on the side) and a record of its position when captured and released recorded

(the same).

During the evening of January 28, in the dark with the aid of a flashlight,

26 individuals were given prominent yellow marks with a can of spray paint

while they were sleeping or resting on the reef and in a crevice in one restricted

area of Cactus Rock. These lizards were not handled, so no record of size or

sex was obtained, but it is thought that most were adult females.

On January 29, a series of 12 marine iguanas were captured on Cactus

Rock. Each was painted with a large letter X plus a number. Numbers 1

through 6 were then taken to an area on the shore one-quarter of a mile north-

west of Cactus Rock and released; numbers 7 through 12 were released

approximately one-quarter of a mile east of Cactus Rock, near the end of

Punta Espinosa.

With the exception of one morning, the position of these iguanas was

checked for at least twice each day through February 4.

Four of the six X-series iguanas released one-quarter mile northwest were

seen again. One of these had moved further away from Cactus Rock when

seen on February 3. Another appeared back on Cactus Rock on February 1

and on the 2nd had returned back northwest to the area where released. The

other two returned to Cactus Rock (one on Jaunary 31; the other on February

1) where they remained, moving about this study area.

All six of the X-series released one-quarter mile east at the point area were

subsequently observed back at Cactus Rock; three on January 30, one more

on February 1, another on the 2nd, and the other on the 4th. Five of th'e

six were still on the studv area on the last dav of observations.
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Because of the nature of the lava reefs and beaches and because of the

large size of the marine iguanas, I feel that there was only a slight possibility

of not seeing a marked individual were it present on Punta Espinosa. The

observer walked slowly along noting all lizards and examining all crevices

in the lava. These lizards were approached to within six feet or less before

they fled, and then they only moved a short distance of a foot or two to a

few yards.

The 14 males released on January 27 showed quite variable degrees of

movement.

Three individuals were seen only the first two days after release. One of

these had moved to a reef to feed, at low tide, before disappearing.

Three were observed only for the first three days after release. During

these three days the maximum distance separating them was 60 feet.

Two were seen only for the first five days following release, one always

within 10 feet of its original capture point, the other 60 feet away, except on

the last day of observations when it had left the area and was approximately

one mile northeast along the coast.

Two disappeared after six days. One of these was always within 60 feet

of its point of original capture, except when observed over a submerged reef

about 100 feet out at sea. The other moved back and forth over an area of

100 feet along the shore and on the sixth day had moved to another lava

exposure about 150 feet away.

One was on Cactus Rock, within a 50-foot area, for seven days and when

last observed on the eighth day was approximately one mile to the northwest

along the coast.

Three were recorded over the nine days of observation. One was seen the

first two days, was gone for two days, and was next observed off Cactus Rock,

one-quarter of a mile east, where it remained through the ninth day. Another

left the area and moved to a beach three-eighths of a mile east for two days

and then returned to Cactus Rock, remaining within 15 feet of the point where

originally observed. The other, not seen on the seventh day, was otherwise

always seen within 35 feet of its original point of capture, usually in a crevice

in the lava.

Of the 26 lizards marked during the evening of January 28, only 12 were

seen the next morning; 7 were still in the same area, one had moved 60 feet,

3 had moved off the area and onto an exposed reef 150 feet away. Seven only

were seen on the study area on January 29. By the next afternoon, 9 were on

the area, while 2 more were seen in the large aggregation at the end of the

point about 2,000 feet east. During January 31, 12 were on the study area,

randomly dispersed, while another was out at the point where 3 were seen the

day before. On February 1, 8 were in the area where they were marked, 3

more were on the study area, one was at the point, one was 200 feet off the
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area, and one was on the nesting beach 200 feet south. Eleven were on the

study area and one off the area on February 2 ; only 7 were on the area and

two off area on the 3rd. The last day of observations was February 4 when

7 were on the study area, 4 of these in the original marking area.

On February 13, 1964, a series of 12 males in breeding coloration were

captured and given painted numbers, at Blow Hole Cliffs (my designation)

on the south side of Punta Suarez, Hood Island. These were all of the males

spaced at intervals along 200 feet of cliff rim and each was thought to be

defending a territory. The movements of these lizards were recorded by noting

their positions at least twice a day, through February 19.

All but one individual were observed throughout the entire period, and

this one was not seen only on the last two days.

Eight were observed to move from their cliff-rim territory to the reef

(exposed at low tide) and back at least once, and four of these more than once.

Three were observed only on the cliff rim or above the cliff, while two

others were observed below the cliff only once, being on or near their respective

territories at other times.

The others showed daily movement between the cliff area and the boulder

beach or reef.

The greatest distance between any two points of observation for any

lizard was 180 feet, most distances being under 100 feet, while two were

always within 10 feet or less of their original point of capture (for seven days).

The pattern of movement of marine iguanas at Cactus Rock for the period

of time of this study, indicated a tendency for most lizards to be more closely

associated with Cactus Rock than with any other area, but showed no limited

or territorial confinement, with random movement over the study area, perhaps

spending two or three days in a restricted area, and infrequent movements to

other parts of Punta Espinosa. Homing tendency was strongly indicated when

removed from the area.

The 14 males marked at Blow Hole Cliffs showed much more restricted

movement than those at Cactus Rock, and they also followed a more definite

pattern in their daily activity. The frequent display activity and defense of a

restricted area indicated that these males were still territorial. When they

moved from their territories, it was usually to the reef to feed or bask on the

boulder beach, after which most were seen back in their territories. Thus the

territorial activity appeared to restrict movement at Blow Hole Cliffs in

contrast to general wandering found at Cactus Rock.

In comparing the movements of the marked marine iguanas at Cactus

Rock (Punta Espinosa) and Blow Hole Cliffs (Punta Suarez), it is important

to remember that territoriality was practically lacking at the former and much

in evidence at the latter.
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The marked males at Cactus Rock showed no particular patterns of move-

ment, rather, some moved away shortly and were not seen again, others went

away and returned, and only one gave any strong indication of restricting

his movements to a limited area, a possible territory. These records do indicate,

I believe, that these lizards were familiar with the Punta Espinosa area and

spent most of their time at Cactus Rock.

The movements of the 26 yellow-marked individuals were similar to those

of the above males. Though a few were observed every day in the marking

area, not more than half of them were ever seen on any succeeding day, and

most of these were widely dispersed over Cactus Rock and at more distant

points.

On the 12 X-marked iguanas, 9 were observed back at Cactus Rock on

various succeeding days while the only other one again observed had moved

farther away than the release point.

Territory and Aggression

Nonbreeding males approached on other islands and observed at Punta

Suarez in 1962 were difficult to get close to and would readily move off when

disturbed, showing no strong tendency to return to the area from which they

had been driven. The breeding males at Punta Suarez, however, were very

reluctant to leave their territories, and when driven from them, would circle

about and move back at once to their territories. They appeared quite "un-

inclined" to leave and could be approached to within two to three feet before

retreating, stopping to display at the antagonist as they moved off.

A 200-foot section of the cliff rim at Blow Hole Cliffs had 12 territorial

males on February 13. Their sites did not indicate even spacing, but were quite

irregular, being as close as 10 feet or with intervals as great as 40 feet between

two adjacent territories. No additional territories were observed along this

cliff rim over the next six days, though some of these males left the rim

(see movement). At least two of these territories included the cliff side below

the rim, for active defense was observed in these areas, one centering his

activity on a small 1X3 foot ledge, 12 feet up from the base of the cliff.

When I arrived at Punta Suarez at the western end of Hood Island on

February 12, 1964, the male marine iguanas were very colorful and this, along

with their distribution, indicated that it was the breeding season.

There were no aggregations of males, rather, the adult males were somewhat

evenly spaced along the rim of the cliff overlooking a large boulder beach along

the south side of the point. Below, on the large boulders, and on ledges on

the sides of the cliff, males were also on territory.

I had observed the males in this same area in mid-April, 1962, when there

was no evidence of breeding territories. I had been impressed at that time

by the color of these iguanas in contrast to their congeners on the other islands.
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for here the}^ were much more colorful, especially the males, with bodies of

red, orange, and black mottling, a turquoise crest from the back of the head

to the tail, the front legs also of this color. Then in 1964, these colors were

much more intense and contrasting, in effect producing a color pattern which

stood out strikingly against the black and dark brown lava. These breeding

males could be detected at 200 feet, especially when on the exposed and raised

center of their respective territories.

INIales encountered on other islands, were much duller in color, frequently

showing faint mottling on closer observation, but appearing black at a distance,

blending into the background of lava. Inhabitants of the village of Academy

Bay on Indefatigable Island have stated that the breeding males become a

little more colorful, but do not approach the brilliance of the iguanas on

Hood Island.

The territorial male marine iguana passively, by his presence in broad

view and vivid color, and actively, by asserting his position through displa\',

declares his presence on his territorial ground. This territory includes a

particular area, circumscribed by an imaginary line, which is not only declared

but actually defended against the intrusion of other similarly inclined males.

It is the territorial male, during the height of the breeding season, that exhibits

to the greatest degree the patterns of aggressive behavior characteristic of

this species.

Aggression is manifest in a number of ways, singly or in combination;

posturing, display movements, head-butting, biting, chasing, tail-slapping, and

patrolling of the territory.

The posturing male marine iguana lowers his head, opens his mouth slightly

(tongue often showing), and rises up on all four legs (slightly stiff-legged), tail

down. The mid-dorsal serrated crest of scales, which is turquoise in color and

runs from just back of the head out to the end of the tail, being highest in

the neck region and lowest on the tail, is rigidly erect. The height of his crest

is enhanced by a mid-dorsal roach of skin raised just beneath the crest on

the neck and body regions. The body is inflated and the throat or gular region

is bloated and has a small mid-ventral, posteriorly located, wattle or dewlap.

In effect, these postural changes increase the size of the lizard when viewed

laterally. These changes are the most pronounced when a male is challenging

another male at close range (a few inches up to three or four feet). During

very intense posturing, when the mouth is one-third to one-half open, a red

mark is visible on the tongue.

In general, the territorial males defended areas along the rim of the cliff,

on ledges of the cliff, on the large boulders or raised areas of the reef. All of

these offered a broad view of the surrounding area, and a male displaying

from the highest point of his territory would be seen over a wide area.
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On the boulder beach below the cliff, some areas lacked the presence of

territorial males, while in a nearby area with larger boulders territories were

close together. Three males had territories closely associated with one large

boulder about five feet in diameter. One male occupied the top of the boulder,

one the ledge just below on the south side, and the other a smaller boulder

just below to the west. Two other males were within eight feet; one atop a

higher boulder and the other below this boulder to the south. When removed

or driven from these sites, they would return directly to them. The close

proximity of these territories gave rise to frequent interactions such as displays

and short chases.

When challenging another male, the threatening male presented himself

laterally to his adversary, thus showing his broadest view and brightest color,

and performed display movements.

Such posture was assumed when another male approached close to or

entered the territory of the male in question.

During an encounter, each male moved forward a couple of steps, stopped

and performed display movements (display-action-pattern or DAP), moved

again, stopped, performed, etc., the two males circling about one another one

to three feet apart.

Most such encounters did not result in any contact and the male occupying

the territory was usually successful in bluffing the intruder, forcing him to

retreat from the area.

When contact encounters did occur, the more aggressive male moved

quickly from his lateral position head first toward his opponent and attempted

to butt him with the top of his head. The top of the head is equipped with

enlarged conical scales. The opponent might quickly move a few inches to

avoid this charge, but if not quick enough, the aggressor butted the opponent

and forced him from the territory by pushing with the top of his head. The

opponent might stand his ground, and quickly turn and meet the charging

head with his own lowered head. In this position there were two males facing

in opposite directions with the top of their heads together, each pushing or

butting vigorously. The iguana holding the superior position of height (usually

the occupant of the territory) was more often successful in forcing the other

back and into retreat. They might reach a stalemate lasting for two or three

minutes with their heads together, after which the intruder was forced into

retreat. The long claws assisted the opponents in holding firmly to the lava.

Butting contests lasted as long as five minutes, and were often repeated

after a few minutes pause. Eibl-Eibesfeldt (1955) reports one head-butting

encounter as lasting five hours, interrupted by periods of rest. Schmidt (Shur-

cliff, 1930) states that butting males may bloody each other's lips, causing a

bloody nasal spray. I did not observe any such injury.
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When the intruder turned and retreated, the other displayed and sometimes

gave a short chase, stopping close to his territorial boundary, from where he

again displayed three or four times, then returned to the center of his

territory and rested.

A male which was forced to retreat often moved into the territory of another

male. He was immediately challenged and continued to flee, entering another

territory, was challenged and continued his retreat, etc., in effect running a

gantlet of challenging and chasing males until he was outside territorial

boundaries. He might then stop and display and continue to move away, or

stop and rest. Retreating marine iguanas were also observed running a gantlet

of the pecks of adult boobies when their flight took them through the nesting

area of these birds along the top of the cliff.

During a chase, if the aggressor caught up to the fleeing lizard, he climbed

on his back and rode him, attempting to bite his neck region at the same time.

An aggressive encounter between two males, where both postured and

performed display movements, at times set up a "chain reaction" with other

territorial males nearby responding to these displays by themselves displaying.

Males were observed apparently patrolling their territories. Such a male

moved along the periphery of his territory, moving two steps, stopping, dis-

playing, moving two steps, stopping and displaying, continuing in this manner

around its territory. When he came close to a male in an adjacent territory,

he intensified his posture. These patrol movements indicated the possibility

that territorial males recognize the territorial boundaries of other males, for

they confined their movements.

Blue-footed and masked boobies nest along the edge of the cliff and on

the flat lava-strewn field above at Punta Suarez. Encounters between boobies

and iguanas were inevitable. The bird and lizard, parties to such encounters,

usually showed little response to one another, the iguana giving ground to the

larger booby, the booby sometimes gesturing towards the iguana as if to peck

it. However, when boobies alighted close to a male on territory at the edge of

the cliff, they might be challenged, the male iguana holding his ground and

displaying at the booby. I did not see a marine iguana cause a booby to leave

as the result of such a situation.

The territorial males also responded to my encroachment into or near

their territories by posturing and displaying.

When captured and handled, the marine iguana is not readily disposed

to bite, but will do so occasionally. Two of our party in 1964 were bitten on the

leg, through the pants. These bites were painful and caused a dark bruised area

to appear. When a stick or sack is thrust into the mouth of one attempting

to bite, the reaction is swift and vicious, giving evidence of powerful jaws.

The territorial male is usually tolerant of females and juveniles within iiis

territory, though juveniles tend to isolate themselves from such areas. On one
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occasion a male weakly challenged a female moving into his territory, and

this was observed to lead to courtship gestures by this male. At other times,

the female moved away as she was approached by the male. Rarely did the

male challenge a female or juvenile, but when he did the challenged lizard

was moving into his territory, and the resulting pursuits were as long as

six to eight feet.

Nonbreeding or bachelor males (less colorful and not defending a territory)

formed loose aggregations on the boulder beach and on the cliff side near the

feeding reef. Females and juveniles were present in some of these aggregations.

Males established on territories, displayed at one another, but seldom

moved into another's territories.

Two breeding males which were killed had an abundance of subcutaneous

fat. Such a supply of fat may be an adaptation permitting them to remain on

territory for long periods of time without leaving to feed, probably for periods

of three or four days or more.

A series of experiments were conducted at Punta Suarez to better observe

aggression and territoriality.

Experiment 1. February 13, 1964. When a foreign male was thrown into

the territory of another male, the forced intruder immediately fled as the

holder of the territory quickly postured. The fleeing male made for his own

territorial area, if nearby, and displayed as soon as he was back on his territory.

Experiment 2. A foreign male was held in another male's territory which

was up on a large boulder. The holder ran forward and twice butted the

intruder (while I held him), then bit the skin of the side of the body of the

intruder as he vigorously turned to escape. The defender released his hold when

I released the intruder, the latter fleeing.

Another male held and placed into this same territory, first illicited

challenge posturing and display by the territory holder and then was rushed

and butted, this action shoving the intruder to the edge of the boulder. The

aggressor then bit the nearest foot of the intruder. The intruder continually

tried to flee, showing no aggressive response.

A third male was introduced in the same manner. The defender moved

from eight feet away and vigorously pushed the intruder, then stopped and

displayed. This male paid no apparent attention to a nearby female.

The above technique was repeated at a different territory. This time the

intruding male was held so that it could be better controlled. The territory

holder presented laterally and postured, mouth open and dewlap extended,

then performed display movements, quickly moved towards the intruder, and

butted him with his head. The intruder was then held rigidly, so that its head

met the butting action of this aggressor. The aggressor continued his head

butting, but more vigorously, driving the intruder back and he then quickly

bit the skin of the intruder's neck and hung on. When I released the intruder,
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he fled. The experimenter's head and shoulders were only two feet from this

action, yet the aggressor payed little attention to his presence while the other

male was present. Once the intruder was gone, the aggressor retreated back

into his territory.

The held male was then moved so that he butted the defending male; the

defender parried these thrusts by turning his head to meet them head on.

I then swung the held lizard with enough force to knock the defender

from his boulder territory. He quickly returned to his territory and resumed

his aggressive actions toward the held intruder. When he was knocked from

his territory the third time, he appeared exhausted and did not attempt to

go back onto his boulder. Later in the day, he was back on his territory.

A small (juvenile—no bright color) male was treated the same as the above

breeding males.

This experiment was repeated many times with similar results. The aggressor

often tried to bite the neck region after first butting, and would then shake

the intruder. The intruder sometimes tried to bite back. One aggressor bit and

held onto the foreleg of an intruder; they rolled over and over as I released

them. Both could be picked up when biting one another.

A large dull-colored male illicited similar responses when placed in three

separate territories.

A female was held in this territory. The male performed head bobs, but

did not posture, open its mouth, approach, or attack. The female showed no

reaction to the male. The female moved away, crawling over the male, which

showed no response.

Experiment 3. February 16. I next tied the legs of a colorful male and

placed him in the territory of another male. The latter male responded by

posturing, circling, again posturing, and performing head nods; then he quickly

charged the intruder head first and butted him from the boulder. The tied

male was placed back on the boulder territory and the above actions w^ere

repeated, but the aggressor now also bit and shook the intruder, throwing him

from the territory.

Experiment 4. February 17. A large male, which was killed for stomach

content analysis, was used for the following tests. This iguana was cut up

and the head and shoulder region, including the front legs, were kept as a unit.

This unit showed male color, but the eyes were closed. It was placed in different

male territories. The first male challenged, then butted this unit twice, then

showed no more response. The second male butted the unit head on, knocking

it off from the boulder. When replaced, he approached the unit, grasped it. and

threw it from the territory. The third male attacked the unit immediately with a

head-on butt. The fourth male challenged and approached, presenting laterally,

then circled the unit with his head down, but then stopped and rested

without attacking.
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The head was then separated and placed in male territories. Some response

was shown, but of much less magnitude than that illicited by the head-

shoulders-front legs unit, though it was butted from a boulder a few times.

Many territorial males left their territories during the day to feed on

the reef, though there was no consistent pattern, for some made this movement

every day, while others were not observed off from their territories over the

entire seven days.

When these males were observed out on the reef, they spent much of their

time basking. They showed aggression towards one another by asserting with

weak displays. When they approached close to one another, they gave little

indication of defending a specific territory in this area.

One male which was first observed on territory along the rim of the cliff,

also established a territory on an exposure of lava at the edge of the sea near

the feeding reef. He moved back and forth between these two territories (100

feet apart) three times in seven days, spending most of his time at the lower

territory. However, this lower territory was subject to flooding by the breaking

surf at high tide and occupancy by adult sea lions. He was forced to leave

during the high tide, but returned when the water receded. He did remain on

the territory and defend it with two sea lions present, moving out of their

way when they approached. He was forced to leave when the number of sea

lions increased, though he moved to the boulder beach nearby and rested there.

When a male moved about his territory, he frequently protruded his tongue

onto the lava as if testing. It is suggested that he did this as a means of

checking for signs of his own territory or others having been in his territory.

The presence of feces on the lava may indicate that the males mark their

territories in this manner and that the tongue testing was used as a means of

recognition. Similar observations were made by Eibl-Eibesfeldt (1955).

Courtship and Mating

The arrangement of females in the proximity of territorial males at Punta

Suarez suggested that many of these males had harems of females. There was

no behavior by a territorial male, other than the observation of corralling by

one male, that indicated the male took an active part in bringing these females

into or keeping them within his territory. It seemed likely that these harems

were formed when wandering females moved into the territory of a male. This

male did not drive them off as we would another breeding male, and these

females thus remained in his territory where the male would frequently court

and mate with them. Whether these females returned to the territory of the

same male after moving away to feed is not known.

There was no indication of harem groupings of females associated with the

males (non-territorial) at Punta Espinosa in 1962 or 1964 (late January),

but harems were noted here by Schmidt (Shurcliff, 1930) on January 10, 1929:
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"A curious promiscuous polygamy evidently prevails among them, the group of

females forming a harem for the old males." Eibl-Eibesfeldt (1955) strongly

suggests harems here also.

Courtship behavior was observed every day at Punta Suarez. Most of this

behavior was of short duration and did not end in mating.

Courtship gestures by males were observed in territories on flat lava, on

large boulders, and on a small ledge fifteen feet up the side of the cliff, as

well as off territory.

The courting male approached a stationary female or followed a moving

female with his head down. As he moved toward the female from the rear,

he nodded his head rapidly (courtship nodding). This nodding is distinct

from the movements of the display-action-pattern in that it is more rapid

and without definite pattern and with no apparent sequence. Schmidt (Shur-

cliff, 1930) also noticed this
—"The curious nodding of the head which is

only slightly modified from the ordinary bobbing of most iguanid lizards, is

frequently a part of courtship." As he continued to approach he might circle

about the female (as if to corral her) or moved up sideways into contact with

her, moving his head along her tail, along the trunk, or both. From this

position he then threw his front leg (on the approached side) over the female,

moving onto her back. From this position, he attempted to bite the skin

of the neck or shoulder region, the necessary hold for continuing with a

successful mating.

It was common for the female to move away at any stage of the court-

ship. The male then might follow and continue to court, or discontinue his

efforts.

Males were observed to rapidly approach females and immediately attempt

to get a mating hold on the neck. During one observation a male moved up

onto a large boulder with two females present. One female fled, but the male

quickly grasped a front leg of the other and held onto her, she finally broke

loose and fled. One gets the impression that some success in mating depends

upon the male's ability to catch the female.

]Most courtship observations only went as far as courtship nodding and

following.

Copulation was observed on two occasions at Blow Hole Cliffs on Hood

Island. The first mating, on February 17, 1964, took place on top of a large

boulder. The male had a bite-hold on the skin of the left side of the neck of

the female. His right hind leg was thrown over the female, and his body lay

mostly over hers, while his tail was twisted under hers. They separated after

15 seconds; the length of time they were in copulo previous to this is not known.

The second copulation took place on Februar}^ 19 in the same vicinity,

an area of many territorial males. This mating was more fully observed. The

male was within his territorv which included the underside, towards the sea.
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Figure 2. Marine iguana copulating. Hood Island, Blow Hole Cliffs.

of a large boulder (5 feet high, 8 feet wide) and a flat expanse of lava (15 to

20 feet in diameter) extending seaward from the boulder.

When first seen, the male was holding the female by the skin of her neck

and was astraddle her as they walked together across this flat area of lava,

circling a couple of times. The male held the female down with his neck-hold

and his body positioned over hers. The male twisted his tail, at the same time

forcing it under the tail of the female in such a way as to bring the cloacal

regions together. His left hind leg was thrown over the female's pelvic region.

He continued to hold her down. Intromission could not be seen, but is assumed

to have taken place (fig. 2).

They remained in this coupled position for three and one-half minutes,

after which period the female made a struggling movement and they quickly

separated. The right hemipenis of the male was visible for three seconds, and

was then drawn into the tail. The male immediately displayed assertively. The

female ran three feet to a raised site on a boulder and rested in an alert posture.

The male continued to display a few times for the next minute, then moved

to the shade of the boulder within his territory. The whole of these copulatory

actions had taken place within his territory and he was not disturbed by males

on territory a few feet away.
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A copulation was observed in this area on Hood Island on March 3, 1962

by Yale Dawson (personal communication).

Copulation was observed twice by Schmidt (1930) in 1929, on Mangrove

Point, south of Punta Espinosa on Narborough Island. These activities took

place more than a month earlier than those on Hood Island, between January

7 and 10.

A mating attempt was seen at Punta Espinosa on January 28, 1964, by

George Bartholomew.

Display Analysis

The aggressive display of the marine iguana is a species-specific series of

movements accompanied by posturing. These displays were recorded both by

repeated visual observations with stopwatch recordings and from 16mm.

motion pictures taken at normal and slow-motion speeds. The description of

the display follows the eight categories of Carpenter (1962); site, position,

posture, type of movement, parts moved, units of movement, sequence, and

cadence.

The challenge display is the more intense form of the aggressive display

and occurs in particular when the iguana is declaring a territory in the

presence of an adversary. The female similarh^ performs on the nesting

grounds.

The site of a territory is situated so that a raised station is available giving

a broad view of the surrounding area and the male displays from this site.

However, when another male encroaches on the boundaries of his territory,

the territorial defender will leave this site and move towards the intruder

and display in its proximity, this later site being related to the proximity of

the intruder.

The position, or orientation, assumed by the displaying male varies with

the particular situation. If on his raised territorial site with no intruder

apparent, he assumes no particular directional orientation. However, if directing

his display towards an intruder at close range (one to three feet), he then

orients his broadside (lateral presentation) towards the adversary. The in-

truder may also orient in this fashion, usually heading in the opposite direction.

This configuration of two laterally presented males is termed the face-off

position, and is typical of most iguanid challenge displays in close proximity.

Such orientation tends to expose the greatest expanse of each lizard and is

enhanced by postural changes.

The type of movement consists of a nod or bob, the movement originating

at the base of the neck and effecting the head, the tip of the snout describing

the greatest distance. Thus, the only parts moved during the display are the

head and neck. The amplitude of this movement varies with intensity, but is
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Figure 3. Display-action-pattern graphs of marine iguanas from Punta Espinosa and

Punta Suarez. See text for description.

not more than three to four inches from the extremes of the nod. The nod

movements are primarily up from the starting position with head lowered.

The units of movement are all similar, though some appear as single nods,

some double and some triple. A unit is effected by raising and lowering the

head (a single nod), raising the head, lowering and raising again quickly,

and then quickly lowering (double nod), or there may be three quick raises

and lowerings (triple nod), the later two portions usually of decreasing

amplitude.

The sequence of units in the display always occur in a succession of

three, but sequences may be repeated in a series up to nine or ten, with very

short pauses between.

The speed at which the units are performed during a sequence is the

cadence of the display. The cadence of the units varies in the marine iguana

from 0.125 to 0.5 seconds, usually falling between 0.2 and 0.25 seconds. The

short pauses between units may vary from 0.1 up to 0.3 seconds, most being

about 0.25 seconds.

The sequence consists of three repeated nods and these cadence variables

produce sequences which range from 0.8 to 1.5 seconds for the performance
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of the three units, with an average of 1.1 seconds for over 100 timings, using

both stopwatch recordings and slow-motion 16 mm. pictures.

The sequence of movements with its cadence is termed the display-action-

pattern and can be graphically represented as a display-action pattern graph

(DAP-graph) (fig. 3). Such DAP-graphs are used in comparing the display-

action-patterns of the various species of igaunids.

The display may be only one sequence, but three sequences in a series is

most usual, with some series running up to nine or ten repeated sequences.

Some of the long series may be repeated short series, for the pauses between

them are variable.

Though there are no apparent differences in the display movements between

the sexes or age groups, the situations for the performance of adult males and

females do differ. The challenge displays of the males are associated with

declaration of territory and thus are seen less between breeding seasons. The

females display primarily during their activity on the nesting grounds. Juvenile

displays are infrequent in appearance.

The great majority of displays observed are of less intensity (assertion

display) than the challenge display (most intense form). The patterns are

the same but the posturing is reduced or absent during assertion displays

—

little bloating of trunk, mouth closed, body raised on front legs only, dewlap

of throat not distended, crest not exaggerated.

A disturbed male moves along the reef for a few feet, stops, performs

an assertion display sequence, moves a few feet, stops, repeats one or two

display sequences, moves, etc., repeating this until he reaches his destination.

Assertion displays are frequently seen in large non-breeding aggregations.

When one male shifts his position within the group, the nearby males may
respond by performing assertion displays, but not moving off. Though my
data show no significant differences between the displays of the various

populations on different islands of the archipelago, and the Narborough Island

and Hood Island populations represent the extreme geographical separation

of large populations, I believe ("intuitively") that further very critical study

will show these two large populations to be developing divergent display

patterns. The divergence in these two populations is already very evident in

their color patterns.

Communal Nesting Behavior

The nesting activities of the marine iguana at Punta Espinosa were observed

from February 26 to March 1, 1962, and from January 26 to February 4, 1964.

In 1962, the nesting was in full swing but in 1964 it appeared to be just

commencing. Assuming that the nesting periods are similar each year in this

equatorial region, the nesting season at Punta Espinosa extends for at least

five weeks, and may extend for six or seven weeks. Nesting begins after marked
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territorial tendencies have all but disappeared and the males are forming into

large aggregations.

The beaches on Punta Espinosa showed no evidence of nesting by marine

iguanas on January 25, 1964, nor was any seen during the next day. On the

27th, two shallow burrows were observed which, from previous experience in

1962, were known to be the work of this lizard. On the 28th, two females were

observed digging on the beaches in midmorning, one of these being a yellow-

spot-marked female from approximately 100 feet away over Cactus Rock.

This beach next to Cactus Rock was observed frequently until departure on

February 4.

On the 29th, four females were seen digging in late morning and 10 females

formed a small aggregation just a few feet up on the lava of Cactus Rock

from the beach. Started nest burrows were observed on the beach on the

following day also, but no large aggregations of females were evident near by

or on the beach. At 8:30 a.m. on January 31, there were no females on this

beach. By 9:03 a.m., two females were digging on the beach and more were

seen on the nearby lava. At 9:20 a.m., six females were active on the beach,

some with well started burrows. In late morning 12 females were on the beach.

At 3:15 P.M., no females were active on this beach, while 25 females formed

an aggregation on the nearby lava.

Marine iguana females were active on the beach all the following morning,

digging burrows, laying eggs, and burying the nests. Some of this activity was

still going on at 4:50 p.m. and some nests had been completed. Aggregations

of females were very evident on the nearby lava. During the evening, after

dark, no females were seen active on the surface, though one female was deep

in a nest burrow. She completed laying and burying and had left by 2:30 a.m.

the next morning.

No females were on the beach at 6:30 a.m. on February 2. By 8:15 a.m.,

10 females were on the beach, one burying a nest while being disturbed by

other females. Thirty-five females were on the beach at 8:50 a.m., and many
more were at the edge of the lava next to the beach. Thirty-nine were on the

beach at 9:10 a.m., and there appeared to be a still larger aggregation at the

lava edge, some moving about. A female was seen burying a nest at 1:00

P.M. At 2:00 p.m., almost all females had left the nesting beach, but many

burrow starts were evident. At 5:50 p.m. large aggregations were on the lava

next to the beach, but no females were on the beach.

The buildup of females on the beach was closely observed on February 3,

when it was noted that no females had entered the beach by 7:30 a.m. from the

two aggregations on the nearby lava. These lizards moved back and forth

between the two aggregations. The first female moved onto the beach, only

a few feet away, at 9:03 a.m., three were present at 9:04 a.m., four at 9:05

a.m., six at 9: 10 a.m., and nine at 9:17 a.m. The activity in the aggregations on
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the lava now was increasing markedly, seemingly stimulated by the presence

of the females already on the beach, so that by 9:25 a.m., 80 females were

counted over the beach, some entering from another aggregation on another

lava exposure SO feet away. At 10:05 a.m., only 30 females were counted. By

11:45 A.M., nesting activity had decreased further. Some activity continued

throughout the day, a few females being present and digging. At 8:30 p.m., 8

females were digging in the dark, while the other females formed large

aggregations on the lava.

The last day of observing, February 4, only one of the seven nests started

the night before had been completed at 8:00 a.m. Females were seen on the

beach. At 12:10 p.m., 50 females were active on the beach, while many more

rested on the lava. Fifteen were counted at 3:30 p.m., some remaining on

the beach throughout the afternoon, two of these being yellow-marked females

from the group previously marked over 100 feet away over the Cactus Rock lava.

The nesting beach at the end of Punta Espinosa showed nesting activity,

similar to that seen near Cactus Rock, and this activity was taking place

on the same days.

These observations of the buildup of females at the nesting beaches

indicated a gradual movement of the females from aggregations on the lava

exposures to the area of the beaches over a period of only a few days. Once

nesting has started, aggregations of females were continually present on the

lava next to the beach from which some moved to the beach and started

burrows and then returned to the aggregation. I think that these females

remained in these aggregations for at least three or four days or longer before

successfully digging a complete burrow and laying their eggs.

A female usually moved out onto the beach and wandered about, stopping

and watching from an alert posture, then wandering again. She might continue

this pattern for 15 to 20 minutes and then move back to the lava. When a

number of females were on the beach at one time, they were apparently very

aware of one another's presence, often approaching one another and displaying

aggressively by performing head nods. The number of females on the beach

at any one time varied, as they came down from and returned to the nearby

lava. Less than twenty-five percent of the females on a beach at any one

time were digging a burrow, though one might dig awhile, get in a squabble

with another, and be driven off.

The presence of a number of females active on or moving over the nesting

beach at the same time, especially digging nest burrows in close proximity to

one another, initiated aggressive actions. When two females attempted to dig

at the same burrow simultaneously, a squabble invariably resulted.

These aggressive actions involved one or all of the following: threat,

posturing, chasing, display of head nods, biting, and head butting. When two

females approached one another within one or two feet, one or both assumed a
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threat posture by rising stiffly on all four legs and opening the mouth slightly.

One or both then might perform head nods. Both usually moved off from

this type of encounter without any further action. The partially opened mouth

was the most common type of aggressive indication.

When a wandering female approached a female digging a burrow, the

resident showed a threat posture first and might follow this up by attacking

the intruder, the latter then fleeing. Often the approaching female would move

in and try to dig in this burrow and this incited the resident female to try

and bite the intruder or to lower her head and lunge at the intruder with a

butting motion. If this did not drive the intruder away, the butting motion

was carried forward to contact with the aggressor pushing the intruder with

the top of her head. This might have the effect of turning the intruder on

her side or back. The resident female had the psychological advantage and

usually won the encounter, the intruding female retreating. Infrequently the

intruder might meet the challenge by also lowering the head and lunging

head first at the resident female. Where they then met head on they attempted

to push one another backwards, or one gained an advantage by getting her

head against the body of the other and forcing the latter to roll over. During

such a melee, which moved back and forth over a couple of square feet around

the burrow, attempts to bite were made by both parties. W^hen both moved

back to the burrow and tried to dig, the squabble would commence again.

As many as three (and probably more) females in succession may try

to dig at the same burrow, one being driven away by another. This implies

that a wandering female coming upon an already started burrow might start

to dig, although she had not previously been to this burrow. It is probable that

many females did not lay their eggs in the burrow they originated. Also, many
more burrows were started than were ever completed. Many burrows were

caved in by squabbling females, for unless a burrow was started away from

the group, the digging female was continually disturbed. Some females, when

disturbed by me, retreated to the sea, while others moved away over the

sand, stopping frequently to nod aggressively.

Once the burrow was well started, about one foot in length, or was com-

pleted or near completion, the female was less easily disturbed. The laying

female was reluctant to leave her burrow.

Nest Sites, Nest Construction, and Egg Laying

There appeared to be no special set of conditions on the beach on which

these lizards chose to dig a burrow except that it be above the high-tide line.

All burrows observed were above the drift line formed by the high tide.

Breakers from a heavy sea would, however, bathe the sand above many nests.

The distribution of over one hundred points where females had dug (not

necessarily completed) were scattered all over the beach. Many burrows were
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Started on a slight Incline, but so much of the beach inclined one way or

another, that this appeared unimportant. Others were dug where the sand was

flat. The direction taken by the burrow and its opening showed no consistency

and it often appeared to be related to the direction from which the female

moved onto the beach.

In beginning a nest, the female began to scratch alternately at the surface

of the sand with her front feet, throwing sand back, with some going laterally.

Soon a small concavity appeared and the digging effort was concentrated

towards the center of this, still using the front feet. If an obstacle was en-

countered, such as underlying lava, digging attempts might continue for a few

tries, but then this start was abandoned. If the female was disturbed when

the concavity was only a few inches deep, she might also abandon it. As the

burrow became deeper, she was more reluctant to leave and abandon. I purposely

disturbed females which had well started burrows and drove them away for

10 to 15 feet. Most of these females returned to the same burrow.

As the nest burrow became deeper, the hind feet were also employed. The

sand was thrown back by the front feet and then pushed farther back with

the hind feet. As the sand accumulated near the entrance of the deepening

burrow, the female turned around, facing away from the burrow, and used

the front legs and pectoral region to push the sand away from the entrance for

a few inches. Periods of digging were interspersed with short periods of rest,

either down in the burrow or at the entrance.

The top of the burrow frequently caved in as the female dug, which

necessitated further effort or a new start. Sometimes the cavein was such that

the lizard was trapped and held by the sand and she had to struggle to back

out of the burrow, sometimes not succeeding (see mortality).

When there were a number of females on the nesting ground at the same

time, the nest burrows might be in various stages of construction ; some females

were starting nests while others were covering nests. It took a female at

least three to four hours to dig a nest hole and lay her eggs. During this time,

however, she might leave and return.

When the female had completed the digging of the nest burrow, she then

assumed the laying position by heading out of the burrow, her pelvic region

near the inner end of the burrow and her tail curled back out towards the

entrance. Usually the head of the laying female was visible at the base of the

burrow, though some were not visible, the latter being determined by reaching

into burrows and feeling laying females present. Laying females were not easily

disturbed. As one watches these females they move now and then as if in labor.

The following is an account of observed egg laying at Punta Espinosa:

in the late afternoon of February 27, 1962, we were able to dig a side tunnel

into a nest burrow which was occupied by a female (undisturbed) about "to

start laying. The posterior of the female was visible through this opening. Her
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tail curled back towards the entrance so that her hind legs and pelvic region

rested about four to six inches from the inner end of her burrow. This was

at 5:10 P.M. No activity was noticed until 5:25 p.m., at which time she inter-

mittently wiggled and contracted the abdominal region, slightly shifting her

hind legs. At 5:26 p.m., the pelvis was slightly raised and arched by the hind

legs. The cloacal opening began to expand. Then over a period of about 30

seconds, and with a series of more vigorous abdominal contractions (my field

notes say "grunts"), an egg emerged little by little with each contraction,

moving completely out with the fifth. She then wiggled her pelvis from side

to side, which loosened the egg from the cloacal lips. The egg appeared to be

very soft. The female's actions caused some dirt to cave into the nest. The

female appeared to be resting for a few seconds. Then, again, the intermittent

abdominal contractions and shifting were repeated. At 5:37 p.m., the second

egg emerged, but faster than the first egg, "popping" out in a couple of seconds.

The female pushed these eggs posteriorly with her hind feet, and then rested.

Soon more contractions and shifting. The third egg emerged fast and "easily"

at 5:43 p.m. The female again wiggled her pelvis from side to side. Her

abdomen appeared to be very sunken. At 5:50 p.m., the female began pushing

sand back with her front feet, which caused sand to cave in on her. She was

filling sand into the inner part of the nest when I disturbed her and she ran

"reluctantly" from the burrow.

Filling and covering of the nest burrow begins soon after the last egg is

laid. The female starts by scratching backwards with her hind legs. She begins

to move out of the burrow as she does this. This movement out is indicated

by the state of the deep end of the burrow when the nest is dug up. In no

instance did I encounter eggs which were packed in sand, rather they all were

partially exposed in an open chamber at the inner end of the burrow, or

loosely covered with sand. The eggs are usually one to two inches from the

inner end of the burrow. The adaptive significance of this is apparent, for the

hatching lizard must have a little freedom of movement to emerge from the

egg and start its digging ascent to the surface. However, the tunnel leading

out from this chamber is tightly packed.

As the female continues to scratch sand into the burrow, now with the

hind feet, then with the front feet, she moves part way out of the burrow

in doing this. This scratching caves in some sand from the sides of the burrow.

Soon she comes all of the way out of the burrow and turns around and pushes

sand into the burrow using both the head and the front feet. She then moves

forward into the burrow and rams the sand with the top of her head; the

effect of this butting action packs the sand solidly into the now filling tunnel.

In this manner, she slowly works her way out of the disappearing burrow. She

moves to the side of the burrow entrance, scratches sand back with the front

feet, then turns and pushes it farther with the head, front feet and legs.
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propelling with the hind legs, then rams the sand with the top of the head.

As the burrow fills more and more, she moves farther from the entrance to

move sand back for fill.

When the burrow is filled so that only a slight concavity is apparent on

the beach, she continues her efforts by crawling back and forth over this

area, sometimes pushing sand. Once the burrow filling is completed (even with

the surrounding area) she still continues to move back and forth over the

spot in an ever widening circle, scratching sand, usually with the front feet,

to be followed by the hind feet, moving sand in many directions.

She continues to scratch randomly over and around the nest area for five

to ten minutes. When I disturbed one female in this stage of burying, she

moved off about thirty feet, bobbing aggressively, and circled about me,

stopping to scratch. When I moved off, she returned to the area and continued

scratching, even though it was almost impossible for me to discern where the

entrance had been. When she was circling out from me, away from the nest

area, she continued to scratch.

During the burying process, a female, when at the surface, reacts very

aggressively towards other females which approach her, by opening her mouth,

displaying head bobs, and sometimes charging at the approacher and driving

her away, trying to bite the retreating lizard.

Nest entrances that I had marked were indistinguishable once the female

had left the area, amazingly camouflaged, the sand packed solidly.

The urge to cover the nest was intense, for females moving at random over

the beach, were observed stopping here and there to go through scratching

movements. Such actions were also observed in females which had just had

an aggressive encounter with another female (possible displacement behavior).

Once the nest is buried, the eggs are well protected. We attempted to

stamp heavily on the sand above a known nest chamber, but could not cave

the sand in. Sea lions, weighing many hundreds of pounds, frequent this beach

throughout the year and are active both day and night during the nesting

season, the nest burrows are well adapted to protect the eggs from this hazard.

Once nesting activity had built up, it continued off and on both day and

night. On the night of February 28-29, 1962, many females were moving about

the beach, some digging. On the nights of February 1 and 3, 1964, females

were active on the beach in the dark, some digging. One of these burrows was

marked at 10:00 p.m. when the female was in the burrow laying. When checked

again at 2:30 a.m., the nest was completed and the female gone. ^Most of the

nest had been dug and completed in the darkness.

Evidence of marine iguana nesting was observed at seven localities on five

islands and each area provided a varying set of conditions.

The first indication of nesting occurred near the Charles Darwin Research

Station on February 14, 1962. A female had moved back away from the reef
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to the edge of the clearing where I had placed my lizard enclosures. She was

first seen digging at 9:00 a.m., and had started three different holes. When
approached, she quickly retreated into a small cave in the lava near by. On

the following day (15th), I noticed her come from the brush into the clearing

shortly after 10:00 a.m. She moved very cautiously, then began scratching as

if searching for a place to dig, then stopped, displayed, looked about, and

then dug some more. Following this pattern, she moved about the edge of the

clearing over an area of about 300 square feet. She moved to the shallow

holes she had dug the previous day. When again disturbed, she retreated to

the same small lava cave. On the 16th she was again observed active in this

area at 9:15 a.m. On the 17th I did not see her, so at 10:00 a.m., I examined

the lava cave and she was resting at the entrance. On the 18th she was seen

as she retreated to this cave. When observed in this area on the 19th it

appeared she was becoming emaciated. No good burrows had been dug at this

time in this area and when I returned 12 days later, there was no evidence

of her presence, though she may have nested and left.

Nesting activity was observed on the beaches east of the Charles Darwin

Research Station on February 22 and 23, 1964. Many nest burrow starts were

noted in the sand just inland from the boulder beaches in this region. Many
burrows appeared abandoned after encountering lava boulders or mangrove

roots. Two burrows were observed which were nearly completed. The females

in this region probably make a number of attempts before successfully digging

a burrow.

While visiting a small reef island (Devine's Island) in Academy Bay on

February 12, 1962, numerous diggings were noted. This small islet (450 X 200

feet) is a bar of coral sand that has been piled up on a lava reef lying only

about 50 feet from the shore of Santa Cruz Island. It is now rimmed by

mangroves, with patches of low succulent vegetation scattered over the sandy

interior of the islet. Later observations on other islands confirmed that these

diggings were those of the marine iguana. I counted 40 diggings varying in

degree from hollows scratched in the sand to well dug oblique burrows a foot

or more deep. The openings were 8 to 12 inches wide and 4 to 6 inches high.

The tail tracks of iguanas were evident at many diggings.

Jensen Island lies about one mile off shore at the entrance to Academy Bay.

This island, formed from a large lava reef, covers approximately 15 acres. The

margins of the island are higher and vegetated by low succulent vegetation,

while the interior forms a basin and is only sparsely vegetated. When first

visited on February 24, female marine iguanas were seen, and freshly dug

holes were numerous over the open sandy interior of the island. Fifteen of

these burrows were examined, but no eggs were found. On March 13, no

females were observed in the interior of the island, but many open burrows

were present. It appeared that the marine iguanas had completed their nesting
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on this island. No nesting activity of any type was observed on April 6.

Burrows in various stages of construction were also observed on Jensen

Island on February 24, 1964, in the same area noted in 1962. Aggregations of

iguanas were within 20 to 30 feet in the vegetation.

On the morning of February 25, while anchored in a small cove at Point

Vincente, on the northwest coast of Albemarle Island, I noticed a marine

iguana on the top edge of a 50- to 60-foot cliff on the north side of the cove.

Curiosity as to why this lizard had sought such a position led me, by a

circuitous route, to the top of this cliff. Here, the area was a gradually sloping

incline which ascended for about 1,000 feet to sheer cliff. Much of

this high sloping plateau was covered with a black lava sand or dirt which

was very dry and dusty. The scattered shrubby vegetation appeared wilted

owing to the extreme dryness. Blue-footed boobies were nesting along the

cliff edge.

One nest burrow was being excavated by a female, while 50 to 60

open or partly open burrows were scattered over the slope, some in the open,

some beneath lava boulders and some beneath shrubs. Probably there were

many nests which had been completed. The sand, a few inches deep, had some

moisture content. There were 20 to 30 females present on the slope,

resting in the shade of the vegetation.

One-quarter of a mile along the edge of this cliff, in a thicket of Opuntia

cactus and scrub were signs of marine iguana nesting activity. It appears that

these lizards use any available site which provides enough soil in which to dig

a burrow and will migrate one-half mile or more inland and up steep cliffs

to do so.

When at Punta Suarez on Hood Island, April 17, 1962, nesting activity was

observed, but not as intensive as that observed at Punta Espinosa on Nar-

borough Island. In this area of this island, there is very little open sandy area

that is above the high-tide line. All nesting signs were on the plateau area

above the cliffs to the south side of the point. This plateau is strewn with

lava boulders with small patches of hard gravelly soil present here and there.

The vegetation is scant and short except for patches of shrubs. It is in this

area, at this time, that there were numerous nests of the blue-footed and gray-

footed boobies, and also the beginning of the buildup of the nesting colony

of the waved albatross. Iguana nesting signs were interspersed at random

between these birds' nests. Any iguanas moving over this area would certainly

encounter birds on their nests. Yet, numerous diggings, similar in size and

shape to those observed at Punta Espinosa, were scattered over the area. Most

of these excavations appeared to be unsuccessful attempts, many burrows being

shallow with lava blocking the way to further digging. A female was observed

in one of the deeper burrows on this date (fig. 4). (At first I thought that

these might be retreat burrows, but later experience in the same area in 1964
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Figure 4. Female marine iguana (containing large eggs) digging nest burrow on gravel-

strewn plateau above Blow Hole Cliffs. April 17, 1962.

made me feel certain these were nest burrows.) Females were observed in the

process of digging, much effort being needed in this hard and scant soil. Many

burrows went under large lava boulders where it was possible some success

could be achieved. No eggs were found in the burrows examined (open burrows)

and no completed burrows were located. Captured females in this area contained

large eggs.

To get to this area from the seashore to the south involved climbing up

the cliff and inland movements of 10 to 200 feet. However, the iguanas in

this area in 1962, customarily formed aggregations along the upper edge of

the cliff.

The presence of numerous juveniles at Punta Suarez, is evidence that nesting

is successful in this area.

At this same area on Hood Island from February 12 to 19, 1964, no signs

of nesting activity of the marine iguana were observed. Neither were any

observed on the east end of this same island, nor on Gardner Island, just off

the north coast of Hood Island, although both the latter areas had aggregations

of marine iguanas. However, wherever marine iguanas were observed on this

island at this time, males were very actively defending territories.
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When the nesting periods of Punta Espinosa on Narborough Island and

Punta Suarez on Hood Island are compared, these observations indicate at

least a month's difference in the breeding season, that on Hood Island, the

southeastern most island of the archipelago, lagging behind the populations

found on the western islands: Narborough, Indefatigable, Abingdon, and Albe-

marle. Karl P. Schmidt (Shurcliff, 1930) records the breeding season as being

in full swing on Narborough Island on Jaunary 10, 1929, the males spread out

on territories and actively courting females. Very little evidence of territoriality

was observed on this same island in late January, 1964, and late February, 1962.

The 12 nest burrows measured at Punta Espinosa ranged from 22 to 24

inches in length (mean of 23.6 inches) and the chambers at the inner end of

the burrows varied from 10 to 16 inches below the surface (mean of 13.4 inches).

A total of 16 nests were excavated (10 in 1962 and 6 in 1964) at Punta

Espinosa from which 29 eggs were removed. One nest contained six eggs, three

had three eggs each and the remaining 12 each had two eggs. It is my belief

that the nest with six eggs represented probable clutches of three from two

different females. Three additional eggs were laid by females held in captivity.

The 38 eggs measured ranged from 7.8 cm. to 10.00 cm. in length (mean of

9.3 cm.) and from 4.02 to 5.15 cm. in width (mean of 4.2 cm.). They ranged

in weight from 79 grams to 121 grams with a mean weight of 96.28 grams.

Some of the variation was without question due to absorption of water, causing

increases in all measurements, though the figures for most eggs were recorded

less than four hours after nest completion.

The eggs are white and the shell is leathery in texture. They have the

shape of a blunt oval, both ends being equal.

The aggressive actions of the females on the nesting beach are similar

to those of aggressive males declaring and defending their territories. The

female does not show the elaborate posture of the male, but her performance

of the display-action-pattern, threatening with open mouth, biting, riding, and

head-butting encounters are essentially the same as those of the male.

Since a female is often disturbed while digging and may dig in a number

of places, including excavations started by other females, the territory is not

a stationary point or area, but a transitory area about the female that moves

with her wherever she may be on the beach.

So far as I have been able to determine, the marine iguana is the only

communal nesting iguanid, and perhaps lizard. This may be partly because of

their gregarious tendencies in the non-breeding season. A. L. Rand (personal

communication) has data which suggest communal nesting for Iguana iguana

in Panama.

There appear to be optimum areas for the survival of this species, in

particular protected lava reef areas with associated beaches or areas of soil

near the sea. The beaches and areas of soil are limited on most islands of
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the archipelago and thus must be fully utilized. The scarcity of good nesting

sites would tend to bring the females together in these areas when they are

ready to dig burrows. The female territorial activities may have evolved in

association with these nesting aggregations on communal nesting areas.

The spread of nest burrows and burrow attempts over all of the available

area offers adaptive advantages. If females dug burrows in close proximity,

there would probably be many nests destroyed as other females dug into them.

Their separation would also lessen their chance of being destroyed by sea

lions. On the emergence of the young later in the season, these hatchlings

would already be scattered and less available to predation than if they emerged

and formed aggregations. The aggressive actions of the nesting females would

contribute directly to spreading out of the nest burrows.

On two occasions, when digging up nests, egg shells from previous years

were encountered at nest chamber depth, indicating successful hatchings from

previous years. Old egg shells were also seen on the beach surface, probably

dug up by nesting females.

The nesting females had to contend with the ponderous sea lions which

used the same beaches for basking in the day time and for resting at night.

Sea lions moved all across these beaches and were observed to cave in partially

dug burrows and at times rest immediately over them. The females moved

away from the sea lions and could not possibly challenge their movements.

Once the nest was completed, however, they were safe from disturbance by

the sea lions.

In one nest, the two eggs present were stuck together. Small maggots were

seen between the eggs, indicating that parasitism may destroy some eggs.

Though most nests were constructed above high-tide line, a high surf did

send waves crashing over areas of known nests. Undoubtedly these eggs are

adapted to frequent bathing by salt water. Such bathing by salt water would

also take place at nesting areas on Jensen Island, Indefatigable Island, Devine's

Island, Bindloe Island, and probably many other localities. Such relationships

of the egg to salt-water bathing need further study.

The digging of a nest burrow could be a hazard for the female. In 1962

at Punta Espinosa while observing the female activities on the nesting beach,

I noticed the tail of a marine iguana protruding from the sand, no other part

of the lizard visible. I pulled on this tail which showed no response, and I

assumed the lizard was dead. It appeared to be a female which had been

digging a burrow and the sand had caved in and pinned her so that she could

not escape. I returned one hour later and pulled this female out of the sand

and found her to be alive. I later noticed a similar situation, a protruding tail,

and when this female was pulled from the sand she was dead. Another which

was observed had a tail only visible in an obviously caved-in burrow. She was

alive and when I returned later, she had escaped from her predicament. On
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the beach at the end of the point, I dug up a caved-in burrow with a pro-

truding tail, intending to photograph this, and found the female to be long

dead, all but the protruding tail in an advanced stage of decay (bone with

some dried flesh). It is very probable that many females die as a result of

caved-in burrows, especially in nesting areas of coarse and loose sand. It is

possible that dead females that I observed washed up on the beach here had

met such a demise.

A female, observed on February 2, 1964, had her burrow cave in on her

while she was laying eggs. When later checked and dug up, she had finished

laying and escaped, probably because she was headed out, rather than in.

There is no evidence as to exactly how long the marine iguana eggs must

incubate before hatching. However, from bits of evidence from various sources,

I believe it to be a minimum of two months and possibly three months or

longer.

Since it seemed that I was present at the beginning of the nesting season

in 1962 (late January), the appearance of the first hatchlings would be evidence

of the approximate period for incubation. Miguel Castro has been at Punta

Espinosa in April and has seen the hatchlings emerging from the sand. He
thought these were some of the first to hatch.

A hatchling, with prominent umbilical scar and evidence of abdominal yolk,

was seen emerging from beneath the large coral sand beach at Tortuga Bay

on Indefatigable Island on May 17, 1962, by Sigvart Hornemann. Since female

iguanas were digging nest burrows in February on this island, this would

indicate more than two months for incubation.

Eggs collected at Punta Espinosa in late February, 1962, were kept in

damp sand from this area and taken to the Darwin Research Station, and

later, those that remained, to the United States. Eggs cut open on May 27, had

living embryos only about two-thirds developed (after three months of

incubation). Though the remaining eggs spoiled in my laboratory in Oklahoma,

some were still alive, but not fully developed in early July. No doubt the

conditions which I provided for incubation extended the period, but still these

gave evidence of a prolonged incubation of over three months.

Eggs of the Galapagos lava lizard {Tropidunis pacificus) laid and incubated

under simulated natural condition in Oklahoma, took 123 days to hatch, much

longer than the eggs of other species incubated under the same conditions at

the same time (62 to 75 days). If this much smaller lizard requires a long

incubation period, this may indicate the marine iguana of the same area has

a longer period.

Eggs of marine iguanas collected from February 2 to 4, 1964, at Punta

Espinosa, were again kept in their natural sand and taken to the United

States, by sea and air, to my laboratory in Oklahoma. None hatched successfully,
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but some appeared to be still alive in early July. When opened, they were not

fully developed (over four months incubation).

Miguel Castro, in describing the emergence of the hatchling marine iguanas

at Punta Espinosa, states that they apparently burrow straight up from the

egg chamber. On one occasion, one emerged beneath his sleeping bag during

the night. He states that others he has seen during the day, on reaching the

surface, look about, then quickly head for the mangroves or other types of

cover. He wondered why they moved off so quickly until he saw gulls and

herons fly in and feed on them.

Hatchlings and small juveniles observed at other places by me in May
were always near vegetation, such as mangroves, and near the edge of the

water.

Associations, Predation, and Other Observations

Darwin thought it anomalous that these aquatic lizards could be driven

into the sea only with difficulty, permitting themselves to be captured before

entering the water. I found them to be somewhat reluctant to enter the water,

but once cornered near the water's edge, they did not hesitate to take to the

sea and swim out to deeper water. They sometimes swam along on the surface

parallel to the shore and at other times swam up to 50 feet under water,

moving along the bottom in shallow water. They did not hesitate to swim across

lagoons to reefs on the other side.

When startled or pursued in areas where deep crevices were present, they

readily retreated into these, moving down the steep sides. If I attempted to

reach them, they then moved along the crevice wall at the lower levels. At

Punta Suarez, they would quickly scamper over and down the side of the cliff.

Those marine iguanas on Indefatigable Island and small Jensen Island,

that dwelled on flat reefs continued shoreward by thick shrubby vegetation,

retreated to these thick clumps when pursued.

In areas where the reefs were fringed by mangroves, many iguanas, especially

at high tide, climbed into these trees and rested. Others retreated up into the

mangroves at night.

As many as 70 juvenile and adult iguanas basked daily on the near-

perpendicular sides of a 30-foot cliff at Punta Suarez. To maintain their

basking positions, they had to hang on with their claws. Some would remain

here for an hour or more.

When approached singly or in groups, the adult marine iguanas commonly

snort or spray a fluid from their nostrils. This fluid is ejected with force and

may shoot for a distance of more than a foot. When a group is startled and

a number of lizards eject at the same time, it is a weird sight and startling in

itself. Because it comes as an element of surprise it may act as a type of

threat or distraction behavior. Iguanas will eject this fluid when not disturbed,
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but in this situation, usually do so as they rouse from basking or change

basking positions.

However, such behavior probably is primarily a function for the lizard to

get rid of salt. The marine iguana is provided with a pair of glands lying

subcutaneously between the nostril and the eye (Schmidt-Nielsen, 1958).

While feeding on the salty aquatic vegetation, either above or below water, the

iguana takes in vast quantities of salt water, which would tend to greatly

increase the salinity of the tissues of the lizard. The salt gland extracts the

excess salt and the iguana ejects it from its nostrils, into which the salt glands

open.

There are a number of animals that live in close association with the

marine iguanas. At Punta Espinosa on Narborough Island, these included the

sea lion {Zalophits wollcbacki), the Galapagos fur seal {Arctoccphalus

galapa^oensis) , the flightless cormorant (Xannopterum harrisi), the Galapagos

penguin {Spheniscus mendiculus) , the pelican {Pclecanus occidentalis) , one of

Darwin's finches [Geospiza dijjiciUs), the lava lizard {Tropidurus albe-

marknsis), the green heron (Butorides sundevalli) a Galapagos snake (Dromi-

cus sleveni). and the very abundant red crab or sally-lightfoot (Grapsus

grapsus). These frequent the same reefs as the iguanas. The Galapagos hawk

{Buteo galapagoensis) visits these areas.

At Punta Suarez on Hood Island, in addition to many of the above, the

iguanas I observed live in close proximity to nesting blue-footed boobies {Sula

nebouxi) and masked boobies {Sida dactylactra), and mocking birds (Neso-

mimus macdonaldi), and the two finches, Geospiza juliginosa and G. conirostris

move among the iguanas. Here, swallow-tailed gulls {Creagrus jurcatus) nest

on the side of the cliff frequented by iguanas. The plateau (and other areas

of this island) just above Blow Hole Cliffs is the only known nesting area

for the waved albatross {Diomedea irroratea). Short-eared owls {Asio galapa-

goensis) forage in areas where the iguanas are present.

All of these animals are generally tolerant of one another and the interactions

between the iguana and most of these associates were few. They basked and

rested within inches of one another.

I have seen lava lizards running over iguanas, even resting on their heads,

the iguanas showing no response. Perhaps the lava lizards were attracted to

the flies which are sometimes present around aggregations of iguanas.

Red crabs are abundant on all reefs of the Galapagos Islands and inter-

mingle with iguana aggregations, crawling between and over them, feeding near

to them, and retreating into the same crevices. I did not see an iguana respond

to the presence of a red crab, though a lava lizard was observed eating a small

individual of this species.

Iguanas which were basking close to sea lions frequently had to move

quickly as a sea lion changed its position. I did see a sea lion roll over an
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iguana, the latter appearing quite "ruffled" but able to run away. This was

on a sand beach. If such had happened on lava, the iguana probably would

have been crushed. Usually the iguanas lying near sea lions move just enough

to stay out of the way.

Boobies may peck at iguanas moving near their nests and as mentioned

previously, a male was observed apparently displaying at a pair of boobies

resting on a boulder in his territory.

Very few observed predations on marine iguanas have been recorded, and

the large numbers and success of this species have been stated to be partly

due to the lack of predation. There are, however, a number of species quite

capable of preying on the marine iguana at some stage of its life.

Raymond Levegue (personal communication) reports that mocking birds

were observed pecking into the eggs of marine iguanas on Hood Island,

immediately after laying.

Miguel Castro, a long-time resident of Indefatigable Island and a keen

observer of animal behavior, has seen newly emerged hatchling marine iguanas

being attacked and devoured by gulls and herons.

I have observed six-foot sharks swimming in water where marine iguanas

feed, and have seen large iguanas with as much as two-thirds of their tails

missing, perhaps lost in an encounter with a shark.

The Galapagos hawk (three individuals) was seen foraging at Punta

Espinosa during each day of our stay in 1964. A nest of this hawk, located in

1962, was within one-half mile of the point and was still active in 1964. In

1962, a near fledgling young bird was on the nest.

Seven incidents observed at Punta Espinosa in 1964 indicated predation

by the Galapagos hawk. On January 27, I noticed a hawk on Cactus Rock

feeding on something, which on closer approach and with the aid of field

glasses, proved to be a juvenile iguana. It was seen to move, as if still

struggling. The hawk flew from my closer approach, but alighted about 100

yards away and continued to feed.

Another hawk flew over the point on January 29 carrying a small iguana

in its talons; it appeared limp but fresh. On January 31 a hawk was seen

rising from the edge of a large crevice with an iguana. It flew to a dead man-

grove, alighted, then bit the neck area of the lizard and proceeded to tear apart

its prey and devour it.

A hawk was feeding on a dead iguana next to our camp on February 3.

Just before noon on this same day, a hawk swooped in on the beach near

camp, landed, ran five to six feet and grasped an adult female marine iguana

which was performing nesting activities. The hawk hung on near the neck

and shoulders with its talons and rode the now rapidly crawling lizard, for

about five feet, then let go and stood on the beach for a few moments before

flying off. As this hawk flew in on the beach, the iguanas on the beach scattered.
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most of them running to the lava close by. In the early afternoon and again

in mid-afternoon, a hawk again swooped over the beach, and the female iguanas

quickly retreated, one female 150 feet away running quickly the 30 feet to

a reef. I also saw this hawk carrying and eating a snake found on the point.

Of the domestic animals introduced by man and reverted to a feral existence

on the Galapagos Islands, the house cat and the pig probably prey to some

extent upon at least small iguanas, and in the case of the pig. upon the nests.

Though man does not find the marine iguana good eating, this is probably

the fate of some, and Slevin ( 1935 ) records that sailors were known to eat them.

The carcasses of iguanas provide carrion for both red crabs and the

Galapagos hawk {Buteo galapagoensis). The red crabs, usually large individuals,

are always present on those carcasses seen near the water.

Carcasses at a distance from the water were seen to be visited by the

hawk, which stood beside the lizard remains and proceeded to tear away

pieces as it held it down with a foot. It swallowed these pieces immediately.

After feeding, the hawk flew away, but returned to feed again.

There were always some iguanas that appeared to be shedding, for many

showed blotches of light-colored loose skin. I observed one scraping its head

on the lava, apparently trying to rid itself of loose skin.

On two occasions, when a helicopter brought visitors to our 1964 camp on

Punta Espinosa, the marine iguana responded by scattering in apparent con-

fusion. Whether this response was due to the soaring presence of the vehicle

or to the loud noise of its engine, was not certain.

Of the many hundreds of marine iguanas observed on the Galapagos, I only

saw one which appeared decrepit. It was very emaciated and moved very feebly,

and was perhaps a very old individual. Externally at least, these animals appear

to be quite free of disease.

A frequent observation at Punta Espinosa in 1964, w^as an adult iguana

coughing violently and shaking its head, as if trying to regurgitate. I never saw

anything regurgitated. After a coughing spell, sometimes as many as 20

attempts, they may swallow a few times. It is possible that this coughing may
be due to intestinal or respiratory parasites, or perhaps a gastric disturbance.

The common occurrence of ticks of the genus Amblyomma (identified

by Hoogstraal, 1964) on the marine iguanas has given rise to a unique

relationship between these lizards and certain small birds.

Deticking behavior was seen to be done much more frequently by finches

in 1964, both at Punta Espinosa and at Punta Suarez. At the former, the finch

was identified as Geospiza dijjkilis, one of the smaller Galapagos finches. On
Punta Suarez, two finches were present, most of this activity being performed

by the smaller form, Geospiza juliginosa, less frequently by G. conirostris.

These small birds moved freely among aggregations of iguanas, hoppifig

alongside, on top, and along the backs of the lizards. The sites at which they
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showed most interest and pecked were those areas most frequented by ticks;

the neck, axilla, groin, and cloaca. After moving through one group, a finch

sometimes flew 10 to 20 feet to another group and continued its searching

behavior. On one occasion, a small finch pushed the tail of an iguana aside. One
finch examined 10 different iguanas during one minute. The iguanas showed

no response to the activities of these finches.

A tick was found in the throat of a finch (G. dijjicilis) collected while

hopping among a group of iguanas.

During the early morning of February 21, 1962, on the southern coast

of Bindloe Island, as I was observing a group of marine iguanas, a bird flew

up and lit near an adult iguana. This mocking bird then hopped up next to the

iguana and pecked at the shoulder region and then in its axillary region. I

assumed at this time, and I believe correctly, that this bird was searching for

and removing ticks from the iguana. The bird put its head into the iguana's

axillary region and appeared to twist its head, as if to tear a tick loose from

its solid hold on the hide of the iguana. The iguana appeared to be completely

indifferent to this activity of the mocking bird, completely tolerant. This bird

then flew a few feet to another iguana and repeated the searching and removing

motions. While I watched, the bird continued to move among the group of

iguanas over a space of 20 to 30 feet, examining closely at least three of the

lizards. Mocking birds were observed performing similar actions at Punta Suarez

in 1964.

Beebe (1924) refers to land iguanas (tussled) being deticked by mocking

birds. Beebe also records a red crab removing ticks from a marine iguana.

In areas on lava exposures frequented by the marine iguanas, the lava was

stained by their excrement, a mixture of white (uric acid) and greenish-browns

(from the alimentary tract). The feces pass as a semi-fluid or watery material,

sometimes ejected with an audible squirt. Many iguanas in large aggregrations

are themselves soiled with blotches of excrement. There appears to be no special

location for elimination, except for the possibility of sign posting in territorial

males.

When defecating, the pelvic region is raised by extended and outwardly

presented hind legs. This raises the base of the tail as the feces pass out. These

iguanas made no investigation of their own feces, at least just after passing such.

The walking gait of the iguana is an alternate forward movement of one

front leg, followed by the hind leg of the opposite side, then the other front

leg followed by the other hind leg; typical quadruped walking. It uses the

same gait when running and one can move over rough lava about as fast as a

man can safely run.

When walking over a reef, an iguana sometimes gets a claw temporarily

stuck in the porous lava, and must jerk to release it.
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The quiet lagoons and sheltered areas of exposed reefs did not have large

aggregations of iguanas, but rather, the largest aggregations occupied areas

just beyond the reach of heavy surf. Though not as adapted as the sea lion,

the marine iguana was able to maneuver in a heavy crashing surf. As I watched

some in such situations, they appeared to be completely engulfed by churning

currents of frothy water, disappearing, only to reappear in a few moments,

bobbing at the surface. I saw them ride breaking waves onto the reef and

quickly scamper up on the lava.

When resting on the surface of the sea, they often bob cork-like, the legs

spread to the side for balance. I have seen them bloating themselves by gulping

air, noticeably distending their trunk regions. Their ability to do this may

provide the mechanism which permits them to buoy themselves at various

depths when feeding.

When swimming, the iguana brings the front legs back along the side of

the trunk and the hind legs back alongside the base of the tail. It undulates

the tail from side to side and is thus propelled forward. Its head is held alertly

above the surface as it swims. To dive, it ducks the head beneath the surface

and with a quick lash of the tail is submerged. Under water, it swims in the

same undulating manner, though the head is held straight forward.

For many years attempts to maintain marine iguanas in captivity were

unsuccessful. Recently however, zoos in the United States and Europe have

successfully exhibited these lizards. David Wilson (personal communication)

of the Zoological Park in Edinburgh, Scotland, kept a Hood Island iguana

for five years (it injured itself on a heating pipe and succumbed soon after).

The Chicago Zoological Park has four which had survived fourteen months as

of July, 1965, (Pawley, 1965). An attempt to establish a population of marine

iguanas on Bermuda in 1933 proved unsuccessful (Wingate, 1965).

Summary

The ecology and behavior of the marine iguana are intimately and uniquely

interwoven into an existence on lava reefs and shores and the cool waters

fringing the Galapagos Islands.

Intimately, because this endemic lizard is limited to this narrow strip,

existing between the dry interior of these islands and the harshness and dangers

of the open sea.

Uniquely, because of the many ways, it has evolved to fit into this limited

environment.

Its abundance gives striking evidence of its success. As a primary consumer,

it derives its energy directly from the lush beds of alga species found from

shallow mangrove lagoons to the greater depths in open sea.

Morphologically it is adapted to this amphibious way of life. Dark, rougli-

scaled, and long-clawed, it is well camouflaged on the black lava and protected
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from the rough abrasive surface over which it moves with ease up steep cliffs

and down deep crevices. In the shallow waters or crashing surf, it clings easily

to the lava, with little chance of it being dashed or washed away. It swims with

agility, propelled by a laterally compressed tail, and is able to dive to depths

up to 35 feet, freely moving about and buoying itself at these levels. Its short

snout and laterally flattened triserrate teeth enable it to either rasp off short

reef algae or to browse on the lusher growth at greater depths. The dangerous

intake of salt water while feeding has been met by the efficient use of the

salt-extracting gland.

The behavior patterns of the marine iguana in most ways are basically

characteristic of the family Iguanidae, to which it belongs. Some features of

its behavior, however, are specifically related to its peculiar marine-amphibious

existence.

Behavioral characteristics shared with other iguanids include its territorial

defense, aggressive display involving a species-specific display-action-pattern,

rapid nodding of the head during courtship, the hold on the female taken by

the male during copulation, and the digging of a burrow in which to lay its eggs.

Special behavioral adaptations which have evolved and which are more or

less peculiar to this species, are related to the stresses and particular features

of its ecological niche.

Though the males are territorial for a part of each year, such aggressiveness

appears to quickly break down once its function has been assured— the

insemination of the females. This enables the males to again assemble in often

large aggregations with little intermale antagonism and contributes to the

conservation of energy. The stress of crowded territories is quickly ended.

The largest aggregations are associated with areas of islands which have

adequate nesting localities such as sand beaches or areas of sufficient soil

nearby. The limited availability of such nesting sites has probably contributed

to the gregarious habits of this iguana and in particular to its communal

nesting, a degree of gregarious nesting unknown for other lizards of any type.

As male territorial aggressiveness wanes, the now inseminated females are

charged with completing the process of reproduction. They move from the wide

reef areas and form aggregations near the nesting areas. Within these aggre-

gations interfemale aggressiveness is evident as the females display at one

another. Stimulated by each other, they move, first a few at a time, then in

greater numbers, onto the beaches and begin to dig nest burrows. Here their

aggressiveness reaches its peak as they squabble at the burrows, displaying,

fighting, biting, head-butting, and riding, using the same aggressive gestures

demonstrated by the males when holding territories. Though other female

iguanids do display and show territorial tendencies, in the female marine iguana

such behavior is limited to the time of nesting and the area of the nesting

beach, when aggregations of females are involved.
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The head-butting is known only in the marine iguana, and the enlarged

conical scales capping the cranium of this lizard are probably an adaptation

for such encounters.

The temperatures at which the marine iguana feeds are lower than those

ambient temperatures encountered when out of water. Most iguanids feed

during their peak activity, when their body temperatures are highest. The

metabolic implications of these temperature relationships in the marine iguana

need further investigation.

The breeding seasons of the marine iguana populations of the western

islands of the archipelago are not synchronized with that of the marine iguanas

of Hood Island, the island to the southeast of the entire group. There is nothing

much different about this island when compared to the others except that it is

the only known breeding site for the waved albatross. There are two possible,

but speculative, explanations for this asynchrony in breeding seasons, with no

good evidence to support either.

It may be that when extensive climatological data become available, such

information will indicate a later wet season on Hood Island, which could

influence the breeding season. It is also possible the western populations breed

earlier to avoid the season of the garua, the season of cool mists which hang

over the islands. If the garua does not effect Hood Island, this might help

explain such a difference.

I do not know if a nestling waved albatross eats newly emerged marine

iguanas or not, and I suspect it does not. But assuming that it would if avail-

able, this might be a possible explanation why the Hood Island iguanas breed

later. A hatchling iguana, emerging from its nest in the area where a nestling

albatross is alert and hungry might be quickly snapped up and devoured. If

these hatchlings emerged after the albatrosses had fledged, then such danger

would not occur. The albatross nesting begins in mid-April and it is probable

that most fledging has taken place by the end of June. The marine iguanas

on Hood Island probably lay their eggs in late March and April. Given a

three-month or more incubation period, the hatchlings would emerge after the

albatrosses had left the island.

The Hood Island race of the marine iguana is the most distinctive form of

the species, indicating its longer isolation from the other populations. Perhaps

its breeding season difference is a result of genetic drift, for the behavioral

differences in the lava lizards {Tropidurus) of the Galapagos suggest such a

possibility (Carpenter, 1962).

I believe that the Hood Island population is drifting away from the other

populations in its display pattern, although the distinctions now are so slight

as to defy proof from my data. I think further study will bear this out.

I have only been able to record the behavior of two large populations. There

may be differences in other island populations also. On evidence offered by the
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many examples of Galapagos interisland speciation (lava lizards, tortoises,

snakes, finches, and numerous plants) such differences would be expected,

and if not strongly evident now, may be apparent in a few hundred generations.
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Walter Sheppe
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Abstr-Act: The movements of mice on the islands of Lake Opinicon, Ontario,

were studied by means of smoked paper tracking, supplemented by livetrapping.

The mice had fairly stable home ranges, usually linear in outline. Estimated mini-

mum home-range areas ranged from 0.03 to 2.31 acres, but the data are inadequate

to show any correlation of area with age or sex. The mice usually seemed to use

their home ranges heterogeneously, leaving many more records at some stations and

many fewer at others than would be expected from random movement, but track

and trap data do not permit a satisfactory analysis of patterns of home-range

utilization. Location and size of home range were influenced by the physical

environment, exploration, food supply, social interaction, and habit. Mice accus-

tomed to using an artificial food supply often shifted their home ranges when

this supply was moved. Evidence of the role of social interaction included: 1)

There was much overlap of home ranges, but mice of the same sex and generation

tended to occupy mutually exclusive ranges. 2) Home ranges tended to be larger

in sparse populations, apparently not as a result of poor food supply. 3) The

removal of one or more mice often was followed by the movement of other mice

into the vacated home ranges. The role of habit is shown by the fact that some

mice remained in the same home range even after neighboring mice were removed,

and by the lack of correlation between numbers of records at the stations on one

island in 2 different years. Home range benefits the species by providing a more

stable environment for each mouse, thereby promoting survival and facilitating

the self-regulation of breeding by the population.

Introduction

Animals of many species do not wander at random, but confine their ac-

tivities to limited areas that they visit repeatedly. Each individual or social

group becomes familiar with its own area—the physical structure, resources,

and dangers, and the presence of other mepibers or groups of the same species.

This familiarity is gained as a result of exploration, usually early in life, and
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Figure 1. Deciduous forest on Hoffman Island,

milk carton track shelter at stake marking a station.

Note undergrowth, leaf litter, and

is renewed and revised by continual reexploration as long as the area is occupied

(Sheppe, 1966a). This familiar area is more than just a satisfactory place to

live—the animal has a positive relationship to this specific area, as shown by

the frequency with which animals return home when released at distant points.

The nature and function of this home area vary widely in different groups

of animals. It may be individual or communal, large or small, permanent or

seasonal, used exclusively by one individual or group or shared by several. All

of the animal's activities may take place in this area, or the animal may have

to leave at times for some purpose such as finding a mate.

One of the early studies of this phenomenon in small mammals was Burt's

(1940) study of the movements of Peromyscus leucopus. He found that each

mouse was confined to a limited area during its adult life, and called this area

the mouse's "home range," which he defined as "the area, usually around a

home site, over which the animal normally travels in search of food" (Burt,

1943).

Since then many other workers have studied home ranges of small mammals,

usually using methods and concepts similar to Burt's. A somewhat different

concept of home range was presented by Hayne (1949) and further elaborated

by Calhoun and Casby (1958). They conceive of home range as delimited not

by fixed lines but by statistical zones of decreasing probability of occurrence.
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Home-range studies of small mammals have suffered from the lack of

suitable methods of observing the animals. It usually is not possible to observe

them directly and almost all of our knowledge has been obtained by methods

that present very limited information and that may interfere unduly with the

phenomenon being studied (Sheppe, 1966b). The most widely used method

has been the repeated livetrapping and release of marked animals. In the present

study the movements of the mice were detected primarily by the use of smoked

paper tracking (Justice, 1961). This method provides more data than trapping

and does not interfere with the movements of the mice, but is affected even

more by behavioral variability (Sheppe, 1965a).

The numerous studies of home range in Peromyscus probably have given

a fairly accurate picture of where the mice travel, but have revealed little of

the nature and pattern of use of various parts of the ranges, or of the causal

mechanisms that determine where a mouse moves. The main objective of this

study was to clarify the last question, primarily by means of experimental

manipulation of mouse populations or of their environment. Because of the

limitations of the techniques used and the variability of the phenomena studied

the results reported below illustrate the role of various factors, but do not

show the relative importance of each.

Methods

This work was done on the islands of Lake Opinicon, in southeastern

Ontario, during the periods May 2i to September 1, 1963 and May 23 to

October 3, 1964. At times traps were set on the mainland adjacent to the

islands. The islands and their mouse populations have been described elsewhere

(Sheppe, 1965b). Most of the area is covered by mature second-growth

deciduous forest (fig. 1). The animal studied was Peromyscus Icucopus

noveboracensis (Fischer). Some of the populations were natural, others

introduced. Some colonists left their islands by swimming soon after they

had been released (Sheppe, 1965c). Often the mice that remained soon bred,

resulting in unusually dense populations (Sheppe, 1965d). Adult mice had

been born the previous year and were in adult pelage. Young mice had been

born 1 to 5 months earlier and were in juvenal or subadult pelage. Additional

data on the islands and populations discussed below are given in table 1.

Home ranges on most of the islands were studied primarily by smoked

paper tracking, supplemented by occasional livetrapping. In the tracking tech-

nique each mouse is marked distinctively by removing one or more toes. The

track shelters were quart cardboard milk cartons, sometimes supplemented

by large fruit-juice cans. Holes were cut in both ends and the shelters were

laid on their sides on the ground. A smoked card was put in each shelter and

when a mouse walked through he left tracks that usually could be identified

by noting which toes were missing. Trapping was with small Sherman traps
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Table 1. Characteristics of the islands and their mouse populations. All of the intro-

duced mice were sexually mature. The natural populations included both mature and

immature mice, except on Sheep Island where the immatures had been removed.

Island

Size No. of

(acres) stations Habitats Population

Cow 16.7 291 Mostly deciduous forest, some 1963: 40, 1964: 10 (natural)

good rock cover.

Eight Acre 37.6 — Mature deciduous forest with — (natural)

good rock cover (in section

studied)

.

Hoffman 6.5 107 Deciduous forest, some rock 1963: SO, 1964: 6 (natural)

and log cover.

Hump 0.61 70 Bare rock, low herbs and li- 1963: S $ $, 5 9 9 (intro-

chens, some small trees and duced)

shrubs, much rock cover, no 1964: S $ $, 5 9 9 (intro-

logs. duced)

Loon's Nest 0.53 37 Mixed forest, much blueberry, S $ $ , S 9 9 (introduced)

some good rock cover, few

logs.

Sheep 3.9 57 Mostly open mixed forest with i $ $ , S 9 9 (natural)

sedge ground cover, good

rock and log cover in places.

baited with whole oats, although large Sherman traps with cotton were oc-

casionally used in cold weather. Most of the Cow Island and all of the Eight

Acre Island data are from trapping. Trap and track stations were set on a

rectangular grid, 25 feet (Hump, Loon's Nest) or 50 feet (Cow, Hoffman,

Sheep) apart. On Hump there were 44 stations on the grid and 26 at other

locations. There was no grid on Eight Acre.

Peromyscus is almost entirely nocturnal, and records were kept by night.

Night 1 for natural populations was the first night traps were set, for introduced

populations the first night the population was on the island. Traps were

checked each morning, cards daily or on alternate days.

The number of records of each mouse ranged from 1 to almost 300. Most

of the accounts below are based on 10 or more records per mouse. For many
of the mice the number of records is greater than in previous studies, giving

an unusually reliable picture of the movements of the mice, but there were

two complicating factors that necessitate caution in interpreting the results.

The mice behaved very differently for 1 or more nights after being trapped

than at other times, and sometimes they wandered far outside their previous

ranges (Sheppe, 1966b). The other complicating factor was that the mice

entered the track shelters to explore them and this exploration was less con-
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sistent than the combination of exploration and food-seeking involved in

trapping. The results reported below do not seem to have been affected

significantly by either of these factors.

An artificial feeder was used on one island to determine the effect of a

food supply on the movements of the mice. It consisted of a platform on which

was mounted a cylindrical food hopper of hardware cloth. The hopper was

filled with whole oats, which the mice removed through the hardware cloth.

It was surrounded by a larger cylinder of sheet metal with partitions forming

four separate feeding compartments, so that four mice could feed simultaneously

without coming in contact. Access to these compartments was through holes in

the sheet metal. Smoked cards were placed in each compartment, on the plat-

form outside, and in shelters around the feeder to record the presence of the

mice.

Results

I. Description of home range.

Shape.

Stumpf and Mohr (1962) have pointed out that the home ranges of various

small mammals and other vertebrates often are linear rather than circular.

Home ranges of Microtus and Reithrodontomys that they observed averaged

about 2.8 times as long as wide. In the present study also most home ranges

were distinctly linear. During one 5-day period on Hump Island the ratio,

length/width, ranged from 2.1 to 4.0 (x = 2.9) for the seven mice. Several

weeks later the ratios for the four remaining mice were 1.5 to 3.5 (x = 2.2).

Some of this linearity was imposed by the shape of the island, but in the first

period none of the mice were recorded over the full width of the island.

Many of the mice on Cow Island in 1963 had ranges that were restricted

little if any by the lake. In 12 instances mice left 5 to 13 records during

periods of 3 to 16 nights and apparently had stable home ranges. The

length/width ratio for these mice ranged from 1.3 to 5.3 (.t = 3.0). Five mice

on Hoffman Island in 1963 had ratios of 1.5 to 3.0 (x = 2.1).

Often the shape of the home range was associated with obvious habitat

variables. Some of the linear ranges on Cow were in areas of linear rock

outcrops, like the ranges of P. boylii observed by Brown (1964). ]\Iost of the

long narrow ranges observed on Hump were along the cliffs on either side

of the island. The most compact ranges were at the southern tip of the island,

an area of broken rock isolated from other areas of suitable habitat by a long

stretch of unbroken rock.

Sometimes mice seemed to use discontinuous ranges. Several mice were

recorded for short periods from the areas of broken rock on both ends of Hump,

but not from the area between. They apparently used this area only in transit.
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The most striking example of such discontinuity was that of an adult male

that was the only resident of Island 14 in 1964. He is known to have crossed

to the mainland at least six times in a 2-month period, and probably crossed

much more often. The island is 160 feet from the mainland and connected to

it by a cattail {Typha spp.) marsh, and the mouse was recorded once from

the center of this marsh. The marsh had a bottom of wet black muck and the

mouse probably was able to cross getting only his feet wet. He was recorded

over all of the 0.8-acre island, but apparently used only a small area on the

mainland.

Size.

Size is one of the most important of home-range data, but it usually is not

possible to get a very meaningful estimate of it. One difficulty is that the

concept of home range is complex and no single measure of home-range size

can serve all purposes. Social interactions may be prominent in parts of a

range and feeding in other parts, and studies of bioenergetics will be concerned

only with the latter. Specification of the nature and intensity of use of each

part of the range is necessary for a meaningful statement on range size. Such

information is never really available, because of the inadequacy of our tech-

niques for observing the mice. Trap and track data are both qualitatively and

quantitatively inadequate.

Another major difficulty in characterizing home ranges is their great

variability. Size, shape, and patterns of use vary widely among different mice,

and each mouse's home range presumably is constantly changing to some extent.

Because of this variability statistical analysis may be misleading.

In spite of these difficulties, crude estimates of home-range size often are

better than none. The home-range sizes below were estimated by the minimum

area method, in which a line is drawn connecting the outermost stations where

a mouse was recorded and the area within determined by use of a planimeter.

The outermost stations were chosen subjectively, based on number of records

and habitat type. All estimates are based on at least five trap or track records

made during periods when the mouse apparently was occupying a stable home

range. It is probable that all of these estimates are smaller than the area

actually used by the mice.

There are data suitable for estimating home-range size of only a few mice

in the natural populations. Estimates of areas of apparently stable home

ranges of 13 mice over various lengths of time on Cow Island ranged from

0.03 to 0.75 (x = 0.37) acre. Both the largest and smallest estimates were for

adult females, both based on seven records. There is no indication of age or

sex differences. A subadult male on Hoffman Island in 1963 was recorded

over 0.72 acre, an adult and two subadults in 1964 over 2.18, 2.31, and 1.68

acres, respectively.
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The movements of all of the mice in the introduced colony on Hump
Island were restricted on some sides by water, but apparently the small size

of the island did not directly limit home-range size for most of the mice.

The area bounded by the outermost stations was 0.57 acre, which is larger

than most of the home-range estimates on Cow. No mouse on Hump was

recorded over all of this area during any one period of home-range stability,

and most of them seemed to restrict their movements to less than half of the

island.

During the 3rd week that the colony was on Hump Island in 1964 the

two males had ranges of 0.33 and 0.35 acre, the five females ranges of 0.17

to 0.24 (x = 0.20) acre. The weekly estimates of home-range size for i^830

for 14 weeks (excluding 3 weeks when there were few records) ranged from

0.31 to 0.45 (.v = 0.39) acre. These estimates do not adequately reflect the

apparent changes in his home range mentioned below.

The home ranges of eight young males on Hump during a week shortly

after they left the nest covered 0.02 to 0.24 (x = 0.13) acre, the ranges of

four young females 0.04 to 0.14 (x = 0.10) acre. These data are not com-

parable to those from Cow Island because most of the young mice on Cow were

several weeks older than those on Hump during the periods in question. The

gradual expansion of the ranges of young mice from the home nest has been

described elsewhere (Sheppe, 1966a).

Because estimates of home range area are so unsatisfactory, a simpler

index of home-range size, the greatest distance between records, will be used

below. This index is useful for comparisons, but because of the variability of

home-range shapes no linear measurement can be a satisfactory index of area.

The greatest distance is dependent in part on the number of records. Mean
and minimum figures for greatest distance increased as the number of records

increased, but there was great variability within each record class and the

maximum was almost constant for any population. This complex relation

between greatest distance and number of records makes it necessary to interpret

such data with caution.

Pattern of use.

More important than the gross shape and size of the home range are the

nature and intensity of use of each part of the range. There are virtually no

data on the nature of use, but the pattern of intensity of use can be estimated

from the number of records at each station. Neither trap nor track data are

really satisfactory for this purpose, because both depend on behavioral responses

by the mouse to the trap or track shelter. Probably only a small fraction of a

mouse's visits to the vicinity of any station are recorded.

This reduces the number of data, but need not be a serious drawback unless

it affects the relative frequencies of records from each station. It is not known
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whether there is such a bias in either trap or track data, but it is probable that

there is some bias in both. Trapping restricts the movements of the mice, and

after they are released their activity is increased and their pattern of movement

may be affected (Sheppe, 1966b). Tracking does not have these drawbacks,

but it is dependent on the exploratory behavior of the mice, and this declines

over a period of time (Sheppe, 1966a).

A mouse may acquire the habit of visiting one trap, resulting in an

artificial concentration of records at that station. If mice react to track shelters

as a class of objects this will create a bias in favor of the first few shelters

that they encounter each night, but if they react to each shelter as a unique

object this will create a bias toward uniform numbers of records from all

stations. The results of the present study suggest that none of these possible

biases are great enough to invalidate the results, and the track data will be

analyzed with the tentative assumption that they constitute an unbiased record

of the relative frequency with which a mouse visits the vicinity of each station.

If a mouse moves through its home range at random, the number of records

from each station should fit a random discontinuous distribution such as the

Poisson. If the mouse covers its home range uniformly, one record at a station

will reduce the probability that another record will be made there and the

total number of records from each station will diverge from the Poisson in

the direction of greater homogeneity. If the mouse tends to visit some parts

of its home range more than others, each record will increase the probability

of additional records at that station and the total number will diverge in the

direction of heterogeneity. This is the result that would ordinarily be expected,

because of habitat heterogeneity and because of habit formation by the mouse.

Collectively the mice showed a marked heterogeneity of use of the islands.

The number of track records from each station on Hump Island ranged from

one to 40 (x = 13.56) in 1963 (fig. 2). Figure 3 shows that this is a far

greater degree of heterogeneity than would be expected if the mice had left

records at random. The mean observed number of stations has been plotted

for each group of five record classes and the expected number calculated for

selected record classes. Complete homogeneity would be shown by a vertical

line at x= 13.56, extending from the abscissa to y = 70. The Poisson dis-

tribution approaches this far more closely than does the observed distribution.

There were many more stations with few records and with many records than

would have been expected, and fewer stations with an intermediate number

of records.

Individual mice also usually showed such heterogeneity of use of their home

ranges. The following examples are based on periods when the mice seemed

Figure 2. Number of track records from each station on Hump Island in 1963.
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Figure 3. Frequency distribution of number of stations with each number of track

records, from figure 2. The expected number is calculated from the Poisson equation.

to have stable home ranges. There were no gross changes during these periods,

but presumably there were changes in pattern of use that the data are not

adequate to show.

Figure 4 shows the number of records left by $ 830 at each station on Hump
Island during a 14-night period. He left 79 records, from to 6 (x = 1.13)

at each station. The number of stations with no records and with four or more

records is greater than expected, the number with one to three records

less (P<0.02).

This mouse was assumed to use the entire island, but usually a mouse uses

only a small part of the area available to him and there is no satisfactory way
of determining the total number of stations in his home range. In such cases

the first record at each station can be used to define the home range, and the

expected distribution calculated on the basis of subsequent records only. A
station with no records is not considered part of the home range, a station

with one record is credited with zero records, etc.

During a period of 20 nights ?807 left many records on the south tip of

Hump Island, fewer toward the center, and one isolated record near the north

end. This distribution deviated strongly (P<0.01) from the expected calcu-
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lated as described above. During a later period of 9 nights she was recorded

only on the north end of the island and left records more or less at random

(P>0.20).

Even when the difference between expected and observed distributions was

not statistically significant there usually was a tendency toward heterogeneity.

This heterogeneity probably reflects a real difference in the frequency with

which track shelters were encountered, but this may not be an accurate in-

dication of the amount of time a mouse spent in the grid square centered

around each shelter. The shelter may have been in the most or the least

frequently visited spot in that square. Often a grid station had few records

while an off-grid station a few feet away had many.

Various workers (Hayne, 1949; Dice and Clark, 1953; Calhoun and

Casby, 1958) have attempted to provide a statistical description of the geo-

graphic pattern of home-range use. They have found that livetrap records tend

to be concentrated near the calculated center of activity, with fewer records at

greater distances from this center. The validity of such studies has been

questioned because of the artificial nature of the center of activity and because

of possible bias caused by trap inhibition of movements. Such bias may not

be as great as believed (Sheppe, 1966b), but the available data on mouse

movements are so poor that such studies may be premature. Sometimes a mouse

in the present study left records in the way described by the above workers,

but this was unusual.

Shifts in home range.

Some mice maintained stable home ranges for weeks, others shifted their

ranges gradually, and some moved abruptly from one area to another. The

most striking examples of such shifts occurred when a mouse emigrated by

swimming to another island or to the mainland (Sheppe, 1965c). All such

emigrations from natural populations were by young mice. Various patterns

of home-range stability or instability in the natural population on Cow Island

are shown in figures 5a and 5b. Some adult females (?401) maintained essen-

tially the same range throughout the period they were observed, but adult

males shifted ranges more often, usually gradually (cJ421).

It had been expected that young mice would move at random for some time

before settling on stable home ranges, and that as a result many young mice

would be found over widely scattered parts of the islands. Instead, most young

mice either quickly disappeared or settled on fairly stable home ranges. Of the

young males, 46 percent left only one record, as compared to 21 percent of

young females, 18 percent of adult males, and no adult females.

Some young males traveled widely over the island in a short time and then

disappeared, some traveled a long (c$584) or short (<^476) distance and then

settled on a stable range, and a few remained within a short distance of the
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place where first trapped (
S 608 ) . Young females usually did not range as

widely as young males. Sometimes a young mouse moved through a relatively

large area at first and later established a more restricted range within this area.

All eight of the mice that survived the winter of 1963-1964 on Cow had

originally been tagged on the south end, but by the following spring they were

dispersed all over the island. Some examples of these shifts are shown in

figures 5a and 5b (5 426, 5 584, $857).

If home ranges are stable, the distance between successive records should

not be influenced by the interval between records. Increasing distance with

increasing interval should indicate shifting patterns of movement. Among adult

males on Cow there was great variability, but the distances between records

tended to be greater at longer intervals, indicating some shifting of ranges.

The mean distance for intervals of 1 or 2 nights was about 145 feet, for 3 or

more nights about 200 to 225 feet. The maximum and mean usually were

greater for young than for adults, but the data are not adequate to show that

the difference is greater at longer intervals.

At intervals of more than 1 night the maximum and mean for adult females

was consistently less than for adult males, and there was no apparent increase

at longer intervals. The maximum and mean usually were greater for young

females than for adults, but there is no evidence that this difference increased

with interval.

Some mice in the experimental colonies had stable home ranges, but in

general the mice in these colonies tended to have less stable ranges than mice

in natural populations, even when the colonies were not being manipulated.

As examples of stability, two females on Hump Island established home ranges

on the south end after the first few nights. Thereafter their ranges expanded

or contracted somewhat but they were never recorded as far north as the

middle of the island.

Males in these colonies tended to have less stable home ranges than females.

For most of the summer of 1964 5 830 was the only adult male on Hump. He
usually ranged over the entire island, but sometimes contracted his range and

used only one end of the island. On nights 20 and 21 he was recorded only

Figure 4. Number of track records left at each station on Hump Island in 1964 by

$ 830 during a 14-night period. Solid dots indicate stations where he was not recorded.

Figures 5a, Sb (pp. 390, 391). Home ranges of representative mice on Cow Island in

1963 (nights 13 to 136) and 1964 (nights 354 to 429). Night 13 was June 13; night 354 was

May 25. Y = young; A = adult.
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from the south end, on nights 34 to 36 and 39 to 42 only from the north end,

and on nights 55 to 70 only from the south end.

II. Determinants of home range.

Some of the things influencing home range and home-range utilization will

be discussed here, under the headings of habitat, social interaction, and habit.

Social interaction refers to the mouse's interaction with other members of its

species, habitat to all other aspects of the environment, and habit to the

arbitrary habits that have been developed by the mouse.

Habitat.

1. Physical environment.

Peromyscus leucopus is primarily a forest dweller. In Michigan it sometimes

is found in grasslands, but seldom far from the forest (Blair, 1948). In the

present study it was also usually found in forests. Its presence or absence on

islands often was not correlated with habitat type, because of chance and

limited variety of habitats to choose from (Sheppe, 1965b). It was found every-

where within forested areas on the mainland, but was most adundant in those

with good broken rock cover. It was also abundant in some areas with good

broken rock cover under open shrub cover, but with no trees. There was much

variation from place to place and time to time, and the data are not suitable

for quantitative analysis, but apparently rock cover is at least as important

as forest cover.

Bendell (1961) had found that on Cow and Sheep islands, both almost

entirely forested, mice selected rock cover and avoided grassform cover (mostly

sedges under open forest stands) but did not select between hardwood and

coniferous forest. In dense populations on Sheep all habitats were equally

occupied, the less preferred ones predominantly by young mice. The small

natural population of adults in 1964 used almost the entire island and there

were many records from areas of sedge, but some areas of sedge near the center

of the island were largely avoided.

The colonies introduced to barren Hump Island in the 2 years were highly

successful, showing that forest cover is not essential for the survival of this

species. On Hump, as in natural populations, the mice showed a preference

for areas of broken rock. The importance of cover type is shown by the numbers

of records from each station in 1963. There were 44 stations set on a rectangular

grid without regard to habitat, and 26 set in other places, for the most part

chosen as being especially likely to be visited by the mice. Some of the grid

stations were in favorable locations and some of the off-grid stations were not,

but on the average the off-grid stations seemed to be in better locations. This

was confirmed by the tracking results—the off-grid stations averaged almost
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twice as many records as the grid stations (19 versus 10). This was not true

in 1964, when both sets of stations had an average of 20 records. The reason

for this difference between the 2 years is not known, but may be connected

with the different histories of the two groups of mice—the 1963 mice were

caught in the wild while the 1964 mice had been born in the laboratory.

The physical structure of the environment probably affects the occurrence

of the mice in two main ways, by providing proper visual and tactile stimuli

when the mice are active, and by providing suitable crevices for nesting. Forests

provide an overhead canopy and vertical surfaces. Harris (1952) permitted two

subspecies of P. maniculatus to choose between a simulated grassland and a

simulated tree-trunk environment. The prairie-dwelling subspecies preferred

the grassland, the forest-dwelling one the tree trunks. Norway rats usually

move beside vertical surfaces (Calhoun, 1963), as does P. leucopus in laboratory

pens (Sheppe, 1966c).

The mice probably would not remain in an area devoid of suitable nest

sites. In the laboratory they squeeze into the smallest crevices available. The

numbers of hole-nesting birds on an area sometimes are limited by the numbers

of suitable holes, and it is possible that this is sometimes true of the mice too.

Jackson (1961) found a dense population of P. leucopus in a limestone ravine

in Wisconsin, with the mice living one family above another on the many
ledges on the vertical walls. He estimated the density of mice as much higher

than 100 per acre. This great concentration of mice may have been permitted

by the abundant rock crevices, but there must have been an unusually large

food supply too. On the other hand, Howard (1949) found that supplying an

excess of nest boxes did not attract additional representatives of P. maniculatus

bairdi to his study area.

2. Exploration.

]\Iice have innate (Wecker, 1963) and learned responses to various features

of the habitat—they tend to approach some features and avoid others. Their

reaction to any feature is also influenced by how familiar it is (Sheppe, 1966a).

Strange objects tend to evoke neophobia and be avoided, whereas objects that

are unfamiliar but not new enough to be avoided will evoke neophilia and be

explored. As an object becomes more familiar it will evoke less response and

eventually may be ignored altogether.

Much of an animal's activity is determined by the balance between neo-

phobia, neophilia, and stimulus satiation. This balance varies with species,

sex, and age. Wild Norway rats {Rattus norvegicus) exhibit strong neophobia,

but wild house mice {Mus musculus) and P. leucopus exhibit little. All three

show clear-cut neophilia. Young laboratory rats explore more than older ones,

and females more than miales.
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In the present study the exploratory behavior of the mice was shown most

clearly by the large number of records in novel track shelters on the first night

they were put out. Juice-can shelters were placed within a foot of the milk-

carton shelters that had been present for some time on five islands. Invariably

there were far more records in the cans than in the cartons the next day, but

thereafter the number of records in cans dropped sharply and eventually was

no greater than the number in cartons. The mice seem to enter the shelters

to explore them, so that the number of records is an indication of the amount

of exploration.

This exploration of unfamiliar objects shows that the mice have a good

knowledge of their home ranges. This knowledge is gained initially by ex-

ploration and apparently is maintained by repeated reexploration. The physical

features of a mouse's home range are constantly changing (leaf fall, snow

cover, growth of vegetation) and the mouse probably finds some new object

or condition to explore every night.

Since a mouse explores unfamiliar objects it might seem that he would

continually explore farther and farther from the center of his home range,

because everything out there is unfamiliar. This does not necessarily follow,

even from the point of view of exploratory behavior, because this and other

studies have shown that unfamiliar objects elicit exploration much more if

they are in a place that is familiar to the animal. The animal's attention is

aroused by change.

3. Food supply.

A satisfactory home range necessarily includes an adequate food supply.

Peromyscus eats primarily seeds, and lesser quantities of fruits and inverte-

brates. The occurrence of these things varies greatly with the season, and a

mouse's movement patterns can be expected to vary accordingly. When a

blueberry patch comes into fruit or when a clump of shrubs begins to shed seed,

these areas may be visited by mice that would rarely visit them otherwise.

The effect of a concentrated food supply in attracting mice is often seen in

public campgrounds. Such areas usually have little shelter and much disturbance

but abundant food, and sometimes it is possible to trap a dozen or more mice

at one spot in a single night. Such numbers are not found under natural con-

ditions. However, Howard (1949) believes that the distribution of food

resources has little effect on the movements of P. mankulatus bairdi.

An experiment was conducted on Loon's Nest Island to determine whether

mice will shift their ranges to take advantage of a concentrated food supply.

Previous introduction of mice here had had little success, apparently because

emigration was too easy (Sheppe, 1965b). The plan was to put mice and a

feeder on the island, determine the ranges of the mice and which mice were

using the feeder, then move the feeder and observe any shift in ranges.
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Figure 6. Home ranges of the three males that used the feeder when it was in position

1 on Loon's Xest Island. One home range is outlined in ink.

Five male and five female mice were used, of various ages and backgrounds.

To prevent the mice from leaving the island before they learned the location

of the feeder they were shut in a large pen with the feeder for three nights and

then the pen was opened, freeing them to disperse over the island. The feeder

was located on the north side of the island near the middle. Within a few

nights after the pen was opened the mice had established stable home ranges,

as revealed by the grid of tracking stations. Beginning on the fifth night smoked

cards were also put in the feeder to determine which mice were using it, but

at first these cards were too heavily tracked to give a complete picture of this.

Two of the females disappeared from the island within the first few days.

The ranges of the other three were largely separate, but overlapped at the

feeder. Three of the males also used the feeder. Two of these had separate

ranges, while the range of the third overlapped the others broadly (fig. 6).

Each of these six mice was recorded at the feeder 5 to 10 times in 11 nights.

The other two males were confined to the south side of the island, but one

of them was recorded at the feeder on one night.

After night IS the feeder was moved to the west end of the island, 105

feet from position 1. Three mice were already using this area, and they used

the feeder on its first night in this location. Three other mice used it first on

the third night, and one on the eighth. One did not use it at all.

After the feeder had been in this position for 10 nights it was moved 265

feet to the east end of the island. Two mice had been using this area and

they used the feeder on the first night, as did another mouse that had not
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Figure 7. Home ranges of two males on Loon's Nest Island when the feeder was in

three positions.

previously been recorded within 75 feet of this position. Another mouse began

using the feeder on the third night, but two mice did not use it at all. After

the 12th night the feeder was removed from the island, but four of the mice

that had been using it continued to visit the site for at least a week.

Eight mice were present when the feeder was first moved and six when it

was moved again, for a total of 14 moves. The new position of the feeder was

within the former range of the mouse five times. Of the other nine times, the

mouse extended its range {x = 92 feet) to include the feeder six times. In

other words, the mouse used the feeder 11 times and failed to use it three
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times. Of these 11 times, the mouse contracted its range on the side away

from the feeder six times (3c = 104 feet). On these 14 occasions the mice

showed all of the main possible reactions—ranges were expanded, contracted,

shifted, or not changed. The home ranges are based on 4 to 49 (x=20.3)

grid records per mouse for each period, in addition to feeder records.

Examples of these changes are shown in figure 7. After the first move,

5 738 extended his range to include the feeder; after the second he contracted

it to about its original area. After the first move the feeder was already in

the range of c5 835, and he stopped visiting the area where the feeder had

been. After the second move he extended his range, but not far enough to

reach the feeder.

These results show that mice often will alter their home ranges to take

advantage of a good source of food. Presumably the three mice that did not

extend their ranges to the feeder did not know where it was. Two of these

mice extended their ranges more than 100 feet, but failed to find the feeder.

Their failure to explore the entire island probably was a result of social pressure.

Although the feeder was important to the mice it was not their main source

of food. None of them visited it every night, and according to a rough calcu-

lation they obtained much less than half of their food there on the nights when

they did visit it.

Social interaction.

Peromyscus leucopus is essentially solitary. There often is apparent ex-

tensive overlap in home ranges, but the data are seldom adequate to show

whether the mice were present in an area at the same time. ]\Iuch of the observed

overlap may result from the inability of a nocturnal terrestrial animal to defend

more than a small part of its home range at a time. Burt (1940) reported

that breeding females do not have overlapping ranges but that the ranges of

males and of young females overlap broadly. He concluded that only breeding

females exhibit territorial defense of their ranges, but his published range

maps actually show little overlap in the ranges of any mice of the same sex and

generation.

At Lake Opinicon the sexes seemed to be dispersed independently and

there was broad overlap between the ranges of young and adults, but there

was much less overlap between the ranges of mice of the same sex and genera-

tion. This was true on Cow Island in 1963, though the data are not adequate

to delineate ranges very well. Seven of the eight mice remaining the following

spring had been last recorded on the south end of the island in 1963, but

in 1964 they were found all over the island, suggesting dispersal from an area

of heavy population after the mice on other parts of the island disappeared.

In the small natural population on Sheep Island in early 1964 the three

adult males collectively occupied most of the island, but there was virtually no
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overlap in their ranges (fig. 8). They were recorded at 27 of the 57 stations

on the island, but only one of them was recorded from each of these stations.

The ranges of the five adult females overlapped somewhat. These mice had

already weaned their spring litters when observations began, and were not

pregnant when studied.

These results with natural populations suggest that home ranges are de-

termined in part by social pressure. Experimental evidence for this was obtained

by removing individuals and observing the effect on the subsequent movements

of the remaining mice. There were five males in the colony on Hump Island

in 1963. Male 351 was confined to the south end (fig. 9). Three other males had

broadly overlapping ranges over much of the center (fig. 10) and north end,

and each of these ranges overlapped the range of <5 351 slightly (fig. Ua).

These four mice were subadults. The fifth male, an adult, was confined to the

north end.

We suspected that S 351 was keeping his three neighbors off the south

end, and to test this we removed him from the island. The next night one of

the neighbors (c?346) moved into c^351's range and thereafter was not found

in his own former range (figs. Ha, lib). The adult male from the north end of

the island also began to use the south end on the same night, but continued to

use the north end too. The other two males also were recorded nearer the south

end than before, but not until several nights later. There seemed to be no effect

on the distribution of the five females.

After 18 nights c?351 was returned to the island. For the next 5 nights

he was recorded over most of his former range, but the distribution of the

other mice remained much as it had been while he was absent. The adult

male from the north end left no records during this period, and thereafter was

recorded only from the north end. Male 351 disappeared after the Sth night.

Apparently he had lost his status while he was away and was not able to

reestablish himself when he was returned. His disappearance probably was a

result of this.

A similar experiment was performed on Hump in 1964, at a time when

one male and four females were present, all of them breeding. The male was

using the entire island, 5 800 was confined largely to the south end, 2 38 to

the middle, and 5 717 and 2 807 had broadly overlapping ranges on the north

end. Female 800 was then removed from the island. Female 807 had not been

recorded from the south end for 11 nights, but on the night after the removal

of 2 800 she was recorded almost at the south end. She continued to use the

entire island during the 12 nights that 2 800 was away and for 3 nights follow-

Figure 8. Records of three males on Sheep Island on nights 1 to 25. Dots show the

location of each station ; numerals show the number of trap and track records.
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Figure 9. The southern tip of Hump Island, showing the broken rock cover.

ing the return of ? 800. Thereafter 2 807 was confined to the north end again

and 5 800 to the south end. The ranges of the other two females changed little

during this period. Two weeks after ? 800 was returned to the island she and

5 807 disappeared. Female 38 from the middle of the island immediately

extended her range onto the south end and eventually abandoned the middle

altogether. Female 717 still was recorded only from the north end.

In the small natural population on Sheep Island in 1964, two adult males

occupied adjacent ranges (fig. 8). After (^672 died in a trap 5 669 continued

to use his own range but extended his movements to include the northwestern

part of 5 672's range.

Evidence of a slightly different type is provided by a mass removal experi-

ment conducted on Eight Acre Island in 1964. This is the largest island in the

lake and in 1964 seemed to have the densest population. A line of 100 traps

(line 1) was laid out along the shore opposite Loon's Nest Island to detect

movement of mice between the two islands. It was operated at weekly intervals

for 9 weeks. After the eighth trapping on line 1, line 2 was set out parallel

to it but farther inland. It was operated for 2 nights and then line 3, still

farther inland, was set out and operated for 2 nights. The 3 lines were

roughly parallel, and all began and ended at the shore. Line 3 extended inland
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Figure 10. The east side of Hump Island, showing the large areas of unbroken rock

and sparse vegetation. Male 346 occupied most of this area prior to the removal of ^351.

for about 400 feet at the farthest point. The mice trapped on all lines were

marked and released.

After the ninth trapping on line 1 we had a good picture of the population

resident along the shore and a partial picture of the population farther inland.

On weeks 7 to 9 (a IS -night interval) 16 mice were trapped on line 1. Twelve

of these were also trapped on lines 2 and 3. Twelve other mice had been trapped

on line 1 on weeks 1 to 6 but not seen anywhere after that. Twenty-four mice

were trapped on lines 2 and 3 but not on line 1. Altogether 52 mice had been

tagged.

All mice caught on the ninth trapping on line 1 were removed and there-

after line 1 was operated every night for 55 nights and all mice caught were

removed. The traps were set again on nights 66 to 68 and all mice caught

were released.

The results are shown in figure 12. Twelve of the mice that had recently

been trapped on line 1 were removed by the third night, and the remaining

four were not seen again. None of the mice from lines 2 and 3 were trapped

until night 5, but thereafter these mice were removed at the rate of about one

per night through night 22, after which only two were caught. Of the 12 mice

that had been trapped on weeks 1 to 5 and not seen since, five were trapped
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Table 2. Results of removal trapping on Eight Acre Island. Figures for line 1 include

only mice trapped there on weeks 7 to 9. Figures for lines 2 and 3 include only mice

trapped there immediately prior to the beginning of removal trapping and not trapped on

line 1 prior to removal of the resident mice. New mice are those that had not been trapped

prior to the beginning of removal.

Tagged on line 1
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young. Some of the young mice from line 1 presumably had moved out of the

trapping area before removal trapping began and thus could not be caught,

while the mice from lines 2 and 3 had to move into the area to reach the traps.

The greater mobility of the young is also shown by the figures on the

percent of young in each group. Only 58 percent of the line 1 mice that were

removed were young, while 83 percent of the mice from lines 2 and 3 were,

and 90 percent of the new mice. Some of the new mice were born after the

beginning of the removal period, and if these were excluded the percent of

young would be closer to that for lines 2 and 3.

Traps were set on line 3 again on nights 32 to 33 and all mice caught were

marked and released. Four mice that had been tagged there a month earlier

were still present (three subadults, one adult). One of the subadults was later

trapped on Hne 1. In addition, ten new mice were trapped (seven subadults,

three adults). Two of the subadults were later trapped on line 1.

In summary, the resident population had been removed by night 3. Then

residents of adjoining areas began to invade the area, and in a period of 18

nights almost all of them entered and were removed. A few of the original

residents were still present in the neighboring areas, and other mice had moved
in and settled there. There was a small population of mice in these areas that

did not enter the removal area even though that area had no residents.

Presumably some of the untagged mice that invaded the removal area were

residents of neighboring areas, but a majority of them must have been transients

or residents of more remote areas. During the 8-week preliminary period 34

mice were trapped on line 1. Fifteen of these were trapped only once, but the

other 19 were known to be present for an average of 4.4 weeks each. During

the 8 weeks of removal trapping the line was invaded by 65 mice that were

not present there when removal began. This is twice as many as were trapped

during the preliminary period. No close comparison of the two periods is pos-

sible because trapping effort was much greater during the removal period,

but the rate of invasion seems to have been much higher during this period.

This presumably was because the residents were no longer present.

Other workers have carried out similar mass removal experiments with

small mammals, and usually have found that other animals move in when the

original residents are removed. Stickel (1946) plotted the home ranges of

P. leucopus in a 17-acre area, then removed all mice from the central 1-acre

area for 35 nights. The distance from the edge of her removal area to the outer

edge of her 17-acre area was similar to the distance between lines 1 and 3 in

the present experiment, but there were important differences in shape of area

Figure lib. Home ranges of males on Hump Island in 1963; nights 39 to 56, $ iS\

absent.
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enlarged its range to include both the former range and part of the removal

area? The results of removing individual mice, described above, show that

lasting changes in home ranges can occur. Blair (1940) removed most of the

resident P. manicidatus bairdi from a 5-acre plot and within 2 weeks enough

mice from outside the plot had moved in and settled there to bring the popu-

lation up to half its original size. There was little change after this. The source

of the invaders is not known, but they presumably came from the adjacent

untrapped areas.

In contrast to these results, Andrzejewski and Wroctawek (1962) found

that removal of Apodcmus and Clethrionomys did not increase the rate of

invasion, but did increase the duration of stay of invaders. Few residents of

surrounding areas invaded the experimental area, and repopulation was by

transients.

There was some evidence that home-range size varied inversely with popu-

lation size. Figures 13a and 13b show that home ranges of males on Hoffman

Island were much larger in 1964 than in 1963, when the population was much

higher. In 1963 there were about 7 adult males and 11 young males. This

population became extinct later that year, but by the following spring the

island had been recolonized by a male and a female. They had a litter, and the

population included one adult and two young males.

The greater apparent home-range size is partly attributable to the larger

number of records in 1964, but there is a marked difference even when equal

numbers of records are considered. Each of these mice in 1964 seemed to be

resident on the area where it was recorded, so that the great distances between

records were not a result of random wandering. The two young males occupied

ranges that were almost mutually exclusive, but both broadly overlapped the

range of the adult male. There are not enough data on females to permit a

comparison.

The population on Cow Island in 1964 was much smaller than in 1963.

The data are not suitable for detailed comparison, but there is little indication

of larger ranges in 1964.

White (1964) found that P. leucopus moved greater distances in sparse

than in dense populations. Stickel (1960) found that home ranges of this

species were larger when populations were low. She could not determine whether

this was a direct result of the low population density or a result of food shortage.

Bendell (1959) found that this species on Sheep Island moved greater distances

when the population was low, although there was an abundant food supply

at many points on the island. This would indicate that social pressure was

responsible for the small home ranges at high density. However, the mice are

unlikely to confine themselves to any one food type and they continue to range

widely and use natural foods even when an abundant artificial food supply

is present, so that we cannot assume that any such supply fully satisfies the
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needs of the mice. There also were seasonal differences between Bendell's

sparse and dense populations. Higuchi (1963) found that Clethrionomys had

smaller home ranges in large populations than in small ones, which he attributed

to territoriality.

The results on Hoffman could be attributed to either food shortage or re-

duced social pressure in 1964, but there is no reason to believe that there was

a food shortage. The Hoffman population had become extinct in 1963 and

there should have been an abundant supply of food that had accumulated

while the island was uninhabited. The complementary distribution of the

two young males suggests that they were avoiding each other, and by extension

that the mice in 1963 also restricted their movements in order to avoid other

mice.

These results show that social pressure often affects the movements of

the mice, but they do not show the nature of this pressure. There could be

aggressive interaction between mice, or mutual avoidance with little or no

direct contact. There is overlap of home ranges, but this may result from the

inability of a mouse to control more than a small part of its range at a time.

Two mice may use the same area at different times, and hence rarely meet.

In laboratory pens there is aggressive interaction between P. leucopus,

especially males, when they first meet (Sheppe, 1966c). When a new mouse is

put in a pen where another mouse is living, the resident is intensely aware

of the newcomer but does not attack him at first. Eventually the mice make
direct contact and there may be a fight, but in some way the resident establishes

dominance and begins a long series of brief chases. In these pens there was

little fighting and no injury, but there often was presistent chasing. Southwick

(1964) has observed frequent killings under similar conditions. The results

reported above probably were caused at least in part by such aggressive

behavior. A mouse probably does not attack an intruder unless the intruder

remains in the resident's area. If there is an attack the intruder will be chased

out of the area and the aggressive behavior will quickly stop.

Ordinarily most or all of an area is used by one or more mice, each of

which is resident on part of the area. Therefore the relations between any

two mice of similar age and sex will be different in different areas. At high

population densities even adult males have greatly reduced home ranges,

showing that social pressure affects all of the mice, not just a subordinate

class. In the laboratory, resident males seemed to be very much afraid of

Figure 13a. Home ranges of males on Hoffman Island during the period June 23 to

July 10, 1963. Numbers are the total numbers of trap and track records. The mouse with

six records was adult, the others young.
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(T 33 YOUNG (15)

(14)

I \

= cf 455 ADULT (17)

Figure 13b. Home ranges of males on Hoffman Island during the period June 25 to

July 10, 1964. Number of records is shown in parentheses.
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newcomers at first, although they always established dominance over them

eventually.

Such social pressure may also occur between different species. This is well

known in Sciurus and other rodents. In British Columbia, Sheppe (1961)

found only Peromyscus oreas in a moist ravine and only P. maniculatus on the

surrounding drier hillsides, with a narrow zone of overlap. When he removed

all representatives of P. oreas some individuals of P. maniculatus then entered

the ravine.

Not all social interactions are hostile. Sheppe (1966c) has listed a number

of positive interactions observed in laboratory pens. The most common is

group nesting. However hostile mice were when active at night, they almost

invariably nested together during the day. This is not true in the field, at

least during the season when this study was made. Nicholson (1941) found

that P. leucopus usually nested singly in his artificial nest boxes in summer,

but that group nesting was common in winter.

Mating is the most important positive interaction, but there seems to be

little if any lasting pair bond. This was true in a few observations in the

laboratory, and also in Nicholson's nest box study. Often the mice that were

released on the islands in the present study had been caged in bisexual pairs for

some time, but the male and female almost always dispersed independently after

being released.

Habit.

A home range is more than just the area that a mouse happens to move

through. A mouse has a positive relationship to its range, as shown by the

frequency with which mice return when removed from their ranges and released

far away, even when they have been held in captivity for several months before

being released (Griffo, 1961). The mouse knows the physical features of its

range, and a mouse's behavior is different when released within its range than

when it is released in an unfamiliar area.

This familiarity with the physical features of the home range is shown well

by the reaction of mice to strange objects. When novel track shelters were

put out, the mice explored them carefully, as indicated by the large number

of track records from these shelters (Sheppe, 1966a). This effect wore off

quickly. The mice left far more records at such times than they did when they

were first put on the islands. Then all stimuli were novel and there was nothing

to cause the mice to concentrate their attention on the track shelters. Shillito

(1963) has reported a similar difference with Microtus.

Being in an unfamiliar place probably is stressful for the mice and they

tend to avoid such areas, but this tendency is partly counteracted by ihe'v

tendency to explore novel stimuli. Mice may leave their established home ranges

in response to a gradient in social pressure, or may expand their ranges if
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social pressure is reduced, but some mice maintain the same home range even

if there are no other mice in the area. A few of the mice on line 3 on Eight

Acre Island remained there and were never found on line 1 a few hundred

feet away, even when there were no mice on line 1. Presumably some of the

mice that did not enter Stickel's (1946) removal area still were present on

their original ranges outside, as were most of the resident mice in the study

by Andrzejewski and Wrocl'awek (1962).

A clear example of this was provided by two mice on Hoffman Island in

1963. Originally this island had a dense population and the home ranges of

the mice were relatively small. For some reason all of these mice then disap-

peared, except a subadult male and an adult female. Both of these mice

continued to use their original home ranges. They may have enlarged them

somewhat, but most of the island was not visited at all by these mice. On

the last 16 nights that other mice were present, the male left 9 records at

five stations, the greatest distance being 150 feet. On the next 18 nights, when

there were no other mice in the area, he left 24 records within the original

area and 15 at adjoining stations.

This apparent enlargement of range must have been caused at least in

part by the greater number of records, and he was not recorded more than

50 feet from the original range. The greatest distance was 250 feet. Trapping

was done again for 2 nights a month later and he was found once within the

same range and once 220 feet from the nearest previous record. Six weeks after

this traps were set for 2 nights and he was found near the same two places,

360 feet apart.

Apparently this mouse retained essentially his original range for at least

18 nights, but later greatly expanded it. Even then his apparent home range

was much smaller than those of the three males present in 1964. He had

originally entered a dense population with much social pressure and accordingly

established a small home range, while the mice in 1964 had been free to

establish large home ranges from the start.

Habit and individual preference affect not only the location of the home

range, but also the pattern of use of different parts of the range. The colonies

on Hump Island in the 2 years showed similar patterns of preference for some

stations and avoidance of others, but there was little correlation between the

stations where they were recorded most often in the 2 years (r = 0.234, almost

significant at the 5 percent level). There seemed to be no habitat differences

between the 2 years to account for this. An area may have been occupied by

a good tracker in one year and a poor tracker the other, but this was not a

major factor. The south tip of the island was a natural unit, isolated by less

favorable habitat, and mice that lived there used the entire tip. For the six

southernmost stations the ratio of 1963 records to 1964 records ranged from
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1:0.4 to 1:5.8, and there was no correlation between the two years (r ==

-0.030). This difference between the 2 years apparently resulted from different

habits of the mice that lived there.

Discussion

These results show that the location and use of a home range are influenced

by a variety of factors:

1. All parts of the home range must be physically accessible. Sometimes it

consists of separate parts connected only by pathways through unsuitable

habitat. It may contain areas that are never visited by the mouse.

2. It must be perceptually suitable. When a mouse has a variety of habitats

to choose from it will choose the most satisfactory, that is, the one that presents

the best combination of perceptual characteristics. This usually will be the

habitat where chances of survival are best, but suitable habitats may be avoided

because they are perceptually unsuitable (Sheppe, 1965b).

3. There must be sufficient resources of food, water, and shelter.

4. The features of the home range are known to the mouse, having been

learned through exploration.

5. All parts are used regularly by the mouse. The meaning of "regularly"

must be arbitrary, and some parts will be used more than others.

6. The mouse can maintain itself in the social structure and has a com-

petitive advantage over aliens of the same age and sex. Some type of territorial

defense probably occurs.

7. The mouse may have a positive attachment to it that will cause him to

return even if released in suitable habitat elsewhere.

The first three of these characteristics apply to any habitat suitable for

any animal. It is the last four that distinguish the relationship between a

resident mouse and its home range from that between a transient and the

area that it wanders through. There presumably is a wide variety of such

relationships, involving different combinations and intensities of these char-

acteristics. A mouse may learn the features of an area without being able to

establish itself in the social structure. Some parts of the range will be used,

known, defended, more than others, but it seems premature to attempt a

statistical description of home range until adequate means of observing these

things are available.

All of the possible determinants of home range tested in this work were

found to influence the movements of the mice at times, but no type of manipu-

lation produced consistent results. Sometimes the removal of other mice or

the moving of a food supply seemed to cause remaining mice to alter their

home ranges, but at other times habit was stronger and ranges remained

unchanged.

Social pressure apparently plays a major role in determining the dispersion

of the mice. The nature of this pressure is not known, but it almost surely
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varies from mutual avoidance to physical attack on intruders. There probably

is little fighting, frequent chasing, and habitual avoidance of contact with

other mice. Limited evidence suggests that dispersion is primarily in relation

to mice of the same sex and age. Adults presumably have a competitive

advantage over the young, but it may be that the young are tolerated more

than other adults would be.

Home range is of interest to the extent that it affects more basic aspects

of the biology of the species, one of which is population density. Food may

be the ultimate factor limiting population size, but populations usually stay

well below the limit set by the food supply. Wynne-Edwards (1962) has

recently reviewed the evidence that there are mechanisms of self-control that

permit populations to regulate their own density to some extent.

Most theories of the self-limitation of population size are based on the

supposed effects of social pressure—increased emigration, higher death rate,

and lower reproductive rate. The actual role of these effects under field con-

ditions is not well understood, and undoubtedly is highly variable.

The amount of social pressure is determined by the dispersion pattern of

the population, and it is here that home range may be involved in the control

of population size. If home ranges were mutually exclusive and of fixed size,

this would set a maximum density that the population could not exceed.

Instead, the home-range size of P. leucopus is flexible and there is some overlap

of ranges. It is probable that as density increases the first adjustment made

by the population is a reduction in home-range size. Home ranges are not

infinitely compressible and as density increases still more they will approach

a minimum size (Southern, 1954, for Mus) and the population will adjust by

an increasing amount of overlap of home ranges. Both of these adjustments

will increase social pressures, which could be expected to have the results

listed above.

The behavior of the populations at Lake Opinicon did not conform very

well to this theory. The most important mechanism of self-limitation of

population size seemed to be the low reproductive rate. Most females had a

litter in the spring and perhaps another in late summer, but there was little

breeding from mid-June to mid-August. This was true over a wide range of

population densities.

On the other hand, mice introduced to previously uninhabited islands during

this season often began to breed soon after release, although these populations

were at much higher density than any natural population (Sheppe, 1965d).

Because of this unseasonal breeding some populations grew rapidly within the

first few weeks after being established. This breeding did not seem to be a

result of better nutrition. It probably was a part of the behavioral disruption

caused by the unfamiliar situation, including perhaps both the physical and

the social environments.
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This suggests that home-range contributes to the stability of Peromyscus

populations by enabling each individual to live in a relatively stable environ-

ment. This stability promotes individual survival and also facilitates main-

taining a breeding rate that has been determined by natural selection. Breeding

may be limited by a psychological-physiological condition associated with

stability of social and other stimuli, even when other conditions are favorable.

When this stability is destroyed, breeding may begin at a time when it would

not otherwise occur.

In the present work this unseasonal breeding probably was maladaptive

because it produced densities that would soon have destroyed the food supply,

but under natural conditions of colonization such breeding might be advan-

tageous. Natural colonies usually are established by a very small number of

immigrants. If an area is colonized by a single male and female, one of them

might die or leave before the next regular breeding season, but if they breed

at once the p)opulation can quickly be built up to a safer size. It may be that

similar unseasonal breeding occurs when a population is greatly reduced by

some catastrophe (Davis and Christian, 1958). Both the limitations on breeding

in natural populations and the removal of these limitations under certain

conditions may promote survival of the population and hence may be a result

of natural selection.

We can speculate that the unseasonal breeding of the Lake Opinicon

colonies was an accidental result of a species characteristic that evolved in

response to similar but not identical conditions. Perhaps the novelty of physical

and social stimuli is the proximal mechanism that triggers breeding under

such conditions, and the rapid build-up of the population is the ultimate function

of this breeding. In the artificial colonies population density was already high,

but the proximal stimuli to breeding were present and the mice responded

accordingly.

Most of our knowledge of small mammal populations has been gained from

descriptive studies of natural populations or experimental studies of laboratory

populations. Both of these approaches are of value, in fact the former is

essential, but both have serious drawbacks. Descriptive studies usually provide

little information on the causes of the observed phenomena, and laboratory

studies must be carried out under conditions so artificial that the results may
be misleading if extrapolated to field conditions.

A number of workers have used a third approach, the field experiment,

and the principal purpose of the present work was to apply this approach to

help clarify the relation between small mammals and their environment. Field

experiments permit the manipulation of environmental and population factors

to test the effect of each, yet they are conducted with populations under natural

or seminatural conditions.

The field experiment is a powerful tool and has already cast much light



416 CALIFORNIA ACADEMY OF SCIENCES [Proc. 4th Ser.

on small mammal population problems, yet it has serious drawbacks that must

be understood in conducting the experiment and interpreting the results. In

the present study neither controls nor replications were possible. There were

57 islands in the lake, but no two of them were sufficiently alike in area and

habitats to be paired for experimental purposes. The same experiment could

not be conducted twice in succession on one island, because no two seasons or

years are sufficiently alike, and each replication alters the conditions on the

island. There is great variability among the mice, yet if individual mice are

to be studied in detail presently available techniques can be used only with

small populations.

Not only was it impossible to provide suitable controls and replications, it

was not even possible to plan the details of any experiment in advance. Habitat

conditions, population size and structure, and the behavior of individual mice

could not be predicted. Work with each population was begun with one or more

experiments in mind, but it was always necessary to alter the details to suit

conditions that developed, and sometimes an experiment had to be abandoned

when a population became extinct or a key mouse disappeared.

Because of these difficulties it may never be possible to carry out a care-

fully planned and controlled series of experiments designed to clarify a particular

problem. It is desirable to accept this limitation and work within it, rather

than attempt to carry out a predetermined experimental program under con-

ditions that are not suitable. Such work will be opportunistic, and the results

usually will be suggestive rather than definitive. Confidence in interpretation

will come with the gradual accumulation of experimental results related to each

problem. These results probably will accumulate slowly, because each experi-

ment requires far more work than a comparable experiment in the laboratory,

some experiments will produce no results at all, and no two experiments will

be fully comparable.
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Abstract: Burrowing activities of the scorpion, Annroctonus phaeodactylus

(Wood), were studied in both laboratory and field situations. This scorpion exhib-

its a wide and disjunct distribution in Central and North America. Within a

favorable area noticeable habitat preference was shown in that the population is

represented by many isolated demes. A. phaeodactylus exhibits a unique, very

specialized, and obUgate burrowing habit. A specialized behavior called "sponge

bathing," utilized to keep the appendages clean and free of obstruction was de-

scribed and related to burrowing.

Introduction

The scorpion Anuroctonus phaeodactylus (Wood) is a successfully adapted

species to a wide geographical area of North and Central America. One of the

most important adaptations seems to be a set of unique and specialized bur-

rowing activities. The main purpose of this paper is to describe the activities

associated with burrowing in this species so that comparisons with other species

will be possible in relation to burrowing behavior and to their respective

ecologies.

Special thanks and acknowledgment go to the following faculty members at

Arizona State University for their suggestions and contributions to this study:

Gordon Bender, Mont Cazier, and Gerald Cole. Thanks to George Cox of San

Diego State College, and Joseph Camin of the University of Kansas, for sug-

gestions and encouragement during earlier parts of this study. Finally thanks

are due C. F. Williams and S. E. Williams for clerical help.

Methods. To gain an understanding of the burrowing activities of A.

phaeodactylus, studies were carried out in the field wherever possible. All field
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Figure 1. Typical entrance to Anuroctonus phaeodactylus burrow. Note the character-

istic oval entrance, and tumulus below.

Studies took place in San Diego County, California, in four localities: Balboa
Park and Mount Soledad (both in the city of San Diego), Lakeside, and Wild-
cat Canyon near Lakeside. For studies on burrow construction and "sponge
bathing" it was necessary to stage a natural environment in the laboratory.

The morphology of burrows was studied by careful excavation and also by
making castings. Data on migratory studies were obtained by use of 1 -gallon

unbaited pitfall traps. Each of these traps had an open diameter of GV^ inches.

Each trap was permanently buried with its open end flush with the ground
surface and covered with a loose-fitting rock.

Distribution and habitat preference. Anuroctonus phaeodactylus oc-

curs throughout North America where deep, well packed sedimentary soils are

found in conjunction with relatively arid conditions. The populations are

noticeably disjunct. Distribution reports have come from the following areas:

Utah (Wood, 1863), southern California (Comstock, 1940), Virginia (Pocock,

1902), Colorado (Pocock, 1902), Baja Cahfornia, Mexico (Hoffmann, 1931),
and Guatemala (Pocock, 1902).

Anuroctonus phaeodactylus occurs extensively in chaparral areas of south-

ern California where studies of habitat preference were conducted in San Diego
County. The presence of this species was detected by locating the entrance to

a burrow followed by excavation of the inhabitant for verification. Anuroctonus
phaeodactylus populations were found to exhibit a high degree of aggregation
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Table 1. Some measurements (in cm.) of 25 specimens of A. phaeodactylus burrows

from, Lakeside, San Diego County, California.

Measurement
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walking legs. These legs are used rapidly and skillfully, much like "hands."

The pedipalps are generally not used in digging other than for support. The

chelicerae are frequently brushed clean by the first pair of walking legs. After

the loosened soil is gathered into a small mound by the first legs in preparation

for transport, it is dragged, as in a reverse bulldozing action, out of the burrow.

The mound is held intact at its lower limits by the first pair of legs as the scor-

pion backs out of the burrow using the last pairs of legs as the source of loco-

motion and support. An initial push with the flexed pedipalps may occur as the

scorpion begins to move the soil. While transporting the soil, the femur is

always horizontal, the patella is vertical, and the tibia, two tarsomeres, and

pretarsus are held horizontal on the burrow floor. The load of soil is dragged

through the burrow entrance to a tumulus about 7 cm. away where it is depos-

ited. Occasionally the soil is dropped shortly before reaching the tumulus, and

is then pushed to the tumulus by a pushing action of the telson and metasoma.

This behavior keeps the path well graded, smooth, and level. On occasion,

accumulation of excavated soil around the burrow entrance may hinder the

burrowing behavior. In this case the soil is transported by dragging as far as

possible toward the tumulus, then it is kicked back vigorously by the first two

pairs of walking legs as the scorpion stilts high on the hind two pairs. Occa-

sionally a rock needs to be transported from the burrow. In this case it is

carried, if small, or rolled, if large, by the first two pairs of legs in the manner

described above.

The floor of the burrow is kept smooth and even by the method of soil

transport. About every 5 minutes the ceiling and sides of the burrow are

smoothed and packed by manipulations of the tail, which is wedged in various

ways so that muscular contractions exert pressure, by lever action, against the

walls of the burrow. This not only serves to give the burrow its characteristic

shape, but also serves to strengthen it.

While burrowing, scorpions may work continuously for 5 or 6 hours, and

if just beginning to dig may excavate a burrow to a depth of 2.5 cm. with a

width of 1.5 cm. within 30 minutes. The actual speed of excavation in natural

habitats is a function of the soil packing and texture. Burrowing occurred at

all hours in the laboratory.

Maintenance of the permanent burrow. Field and laboratory studies

indicate that maintenance work on the burrow is a continuous process. Main-

tenance activities consisted of removal of soil from cave-ins, removal of prey

remains, and repacking of the burrow walls when necessary. Evidence in the

field of fresh burrowing or burrow maintenance occurred during every month

of the year, as judged by inspection of fresh soil in the tumulus. However, such

burrowing activity occurred mostly after disturbance of the ground surface, as

by rain, fire, or trampling.
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Table 2. Total numbers of specimens of A. phaeodactylus collected by 61 pitfall traps

throughout the year (April 4, 1962, to April 7, 1963). Traps were permanently set and

checked weekly in Wildcat Canyon, San Diego County, California. All scorpions were

sexually mature males.

Dates Number

4/4 to 4/29



424 CALIFORNIA ACADEMY OF SCIENCES [Proc. 4th Ser.

A Study quadrate of 1 square yard, containing three active burrows, was

staked out and observed in the field to determine if the inhabitants altered or

left their burrows. Five pit traps were placed around the periphery of the quad-

rate to catch any scorpion roaming away from its burrow. The three quadrate

burrows were observed regularly from October, 1962, until February, 1963, at

which time they were accidentally destroyed by hunters. During this time con-

tinuous occupancy, judged by freshly excavated soil in the tumulus, was appar-

ent. The traps associated with the quadrate failed to catch the inhabitants.

From these observations, it is apparent that the burrows were occupied in

a permanent manner for long periods of time if not throughout most of the life

cycle. This conclusion is also supported by the fact that the finding of an aban-

doned (unoccupied) burrow is a very rare event.

Symbiotic relations and predators. The entrance, tunnel, and nest were

found exceptionally clean and free of loose soil, rocks, and remains of prey.

However, in a few nests pieces of moss and fresh remains of prey were found.

A number of other living organisms were also excavated from the burrows which

included: spiders, Jerusalem crickets, isopods, beetle larvae, and collembolans.

Most of these were collected from the nest region. In one nest over 10 small

spiders were found. In all cases, the organisms sharing the burrow were minute

in size, larger ones presumably would have been preyed upon by the scorpion.

Only four organisms have been observed to prey upon A. phaeodactylus

.

These are: desert shrews {Notiosorex crawfordii), Jerusalem crickets (Steno-

pclmatus sp.), darkling beetles {Eleodes grandicollis) , and several species of

owls. The burrow serves as good protection from both Eleodes and Notiosorex,

which are too large to navigate the tunnel. Stenopelmatus, on the other hand,

may enter the burrow, there having about a 50 percent chance of overcoming

the scorpion. Though the burrow serves to protect the scorpion from owls,

these predators still take numbers of these scorpions. Examination of A. phaeo-

dactylus remains around barn-owl nests indicate that the catch is almost exclu-

sively composed of sexually mature males.

Sponge bathing. "Sponge bathing" was first described in scorpions by

Baerg (1954). As described, a scorpion will place its telson in its preoral

cavity, wet it with exudate, then dab this substance over its body. Anuroctonus

phaeodactylus exhibits a high degree of this activity, but does it very differently

than described by Baerg with his Jamaican species.

"Sponge bathing" in A. phaeodactylus is most commonly observed during

and after burrowing as well as shortly following the drinking of water. During

these times, the scorpion may spend as long as 1 hour cleaning its body, pri-

marily the pedipalps, chelicerae, and first two pairs of walking legs. "Sponge

bathing" was observed in the laboratory to occur day and night, at all times of

the year.
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The exudate used is a clear watery fluid which is exuded in large quantities

into the preoral cavity. Although large amounts are present, little is lost to

the substrate as its surface tension is sufficiently strong to contain it between

the gnathobases and on the chelicerae.

The fluid is applied to the pedipalps by placing the distal end of these

appendages into the preoral cavity, one at a time, and massaging them with the

chelicerae. The chelicerae are moistened during this process because of their

close association with the preoral cavity. The tarsal and pretarsal regions of

the first two pairs of walking legs are then brought to the ventral aspect of the

gnathobases and moistened. The tarsal segments then moisten the coxal and

trochanter segments of these legs by rubbing action. The pubescent tarsi are

carefully worked, and cleaned by rubbing these segments together as a person

would wash his hands. The tarsi of the first pair of legs were the most vigor-

ously and carefully worked. The tarsi of the second pair of legs also received

much attention, and the tarsi of the third were also occasionally worked. This

activity was never observed with the fourth pair of walking legs. The last pair

was used as the primary means of support during this process, maintaining the

scorpion's body in a stilting position above the substrate.

By far the most actively used appendages in "sponge bathing" were the

chelicerae. They were constantly dabbing exudate, rubbing, and combing the

numerous hairs of the pedipalps. Periodically the chelicerae would stop mas-

saging the other appendages and massage each other. At this time the chelate

parts would carefully comb the dense brush-like fringe of hairs on the homo-

logue. This being done, they would immediately resume their previous work.

Frequently the first two pairs of walking legs would begin to vibrate or

shake back and forth. This was interpreted as a muscular behavior necessary

to activate the pharyngeal pump, and thereby supply more exudate. The most

logical source of the exudate would be the extensive glands of the mesenteron.

If this is actually the true source there is a good chance that this exudate may

contain digestive enzymes, and be the same or similar to the exudate used

during feeding.

"Sponge bathing" behavior is interpreted as a means of cleaning the scor-

pion's body parts which may become coated with mud, dirt, or various films.

It would be especially important to keep the body regions, which are well

supplied with sensory receptors, clean and free from substances which might

interfere with their functions. Since the pedipalps, first two pairs of walking

legs, chelicerae, and telson are most actively cleaned, it seems that sensory

receptors may be most numerous and important in these regions. Also, these

are the regions of the body which come in greatest contact with the substrate

during burrowing and other daily activities. For this reason they would have

the greatest chance of becoming coated with mud or other obstructions.
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Figure 2. Aniiroctonus phaeodactylus showing general external morphology.

Morphological specialization in relation to burrowing. The mor-

phology of this scorpion is distinct from other southwestern species (fig. 2).

In general, the morphology reflects the demands of a specialized burrowing way

of life. The pectines, which typically are very long and with many teeth in

southwestern vejovids, are reduced in both size and tooth count in this species.

The behavior in regard to pectine use is also distinctive. Anuroctonus phaeo-

dactylus often drags the pectines continuously over the substrate, while roving

vejovids, such as Hadrurus, merely brush the distal margin of the pectinal

teeth against the substrate periodically while walking.

The pedipalps are distinctively thick, heavy, and powerful. These are used

effectively for defense within the burrow, as well as for the primary means of

catching and immobilizing the prey. This pedipalp enlargement is correlated

with a reduction in the size of the metasoma, and disuse of the venom apparatus

in prey capture. Such a modification seems logical since it would be difficult

to use the metasoma and venom apparatus efficiently in a narrow burrow.

Anuroctonus phaeodactylus also is distinctive in having an unusually heavy

body for its length. In general, a 2- to 3-gram roving vejovid would be a very

large specimen, while such a weight is common in A. phaeodactylus. This in-

crease in the volume-to-surface ratio perhaps is a mechanism by which this

species is aided in maintaining its activity throughout the entire year.
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Discussion and Conclusion

AnurOctonus phacodactylus exhibits a very specialized burrowing behavior

which helps adapt it for survival in arid regions characterized by well packed

sedimentary soils. The species is broken up into numerous isolated demes in

favorable areas of Central and North America. Each aggregation or deme is

maintained by very specific habitat preference, the habit of permanent burrow-

ing, and nature of young dispersal. Gene flow between demes is probably

maintained only by the wandering of a few adult males during their premating

migrations.

Populations are found on sloping sedimentary hills or canyon sides with

greatest density occurring on southeastern exposures. Water drainage seems to

be an important limiting factor to their habitation as this species is never found

in the lower parts of a drainage and their burrow entrances are constructed in

such a way as to shed water moving along the ground surface. Soil composition

and texture are also important limiting factors, as this species lives in perma-

nent burrows which can only be constructed in soils which can be suitably

packed. Populations are most dense where vegetation is relatively sparse and

where leaf litter is insignificant. In southern California, chaparral is the domi-

nant plant community where this scorpion occurs, especially in areas kept sparse

by periodic fire.

The fact that young individuals of A. phaeodactylus begin to burrow as

soon as their exoskeleton is sufficiently hard, that burrowing is obligate, and

that burrows are remarkably similar indicates that this aspect of their life

history must be strongly governed by natural selection and should therefore

have very important functions. The burrow serves at least four functions: a

trap for food, protection from predators, protection from a temporarily unfavor-

able environment, and an environmental tempering mechanism. The scorpion

apparently waits inside the burrow for the prey to enter. For example, on a hot

day a ground-dwelling arthropod may be captured after it has entered the

burrow to escape the sun. By living inside a burrow, many possible predators,

such as insectivorous mammals and birds, do not have the opportunity to cap-

ture them. Also, during times of environmental extremes, such as extreme heat

or cold, they will remain safe deep in the soil where conditions are not as

extreme. By living 1 foot below the surface, the physical environment is greatly

tempered. There will be less difference between day and night, and between

winter and summer. Therefore, by burrowing, the scorpion can live under

relatively constant environmental conditions of temperature, humidity, wind,

and light as compared with species living on or near the ground surface. Because

of this protection from environmental extremes the necessity for hibernation has

been eliminated in this species.

A striking similarity exists between the life history of tarantulas and A.

phaeodactylus in regard to burrowing. Tarantulas live in permanent burrows
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in similar types of habitats. The females seldom, if ever, leave the burrow

during their entire life, while males, only as adults, are transient and are fre-

quently seen migrating during the breeding season (Baerg, 1963). All obser-

vations on A. phaeodactylus indicate that this behavior is remarkably similar

to that of the tarantula, at least in the ways described.

Anuroctonus phaeodactylus demonstrates both a morphology and a number

of behavioral patterns which are specialized for burrowing. The pectines, pedi-

palps, and body weight in relation to size, are all distinctive and favor a perma-

nent burrowing way of life. Behavior, such as constantly dragging the pectines

over the burrow floor while traveling, as well as frequent and careful "sponge

bathing," can also be considered adaptations for a burrowing existence.
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Abstract: Six species of Balistidae occur in the eastern Pacific: Balistes polylepis,

Pseudobalistes naufragium, Stijflamen verres, Melichthys niger, Xanthichthys

mento, and Canthidermis maciilatus. These are described and illustrated. The

known ranges and general habitats are given for each. Keys are presented to facili-

tate identification of juveniles and adults. Relationships of these species with balis-

tids from other areas are discussed.

The triggerfishes, family Balistidae, order Plectognathi, are cosmopolitan in

warm seas throughout the world and are significant components of the marine

environment. They are frequently very abundant in certain areas— occurring

epipelagically as developing young, usually benthically or epibenthically as

older juveniles and adults. Some of the species are voracious carnivores, others

are largely omnivorous. The pelagic young are important as forage fish for

predatory species, but the tough-skinned adults are not.

Human use of triggerfish is not great. No significant, selective, commercial

fishery exists for them in North America; but they are fished for in some

tropical areas, and are frequently caught incidental to other fishing operations.

They are often taken in bottom trawls in shallow water and out to depths of

30 or 40 fathoms. They will strike at trolled or cast artificial lures, and take

cut bait on hook and line. In some reef or rocky areas where they are abundant.

1 Contribution no. 31, U. S. Bureau of Commercial Fisheries, Tropical .Atlantic Biological Laboratory,

Miami, Florida. Contribution no. 77, U. S. B. C. F., Biological Labatory, Brunswick, Georgia.

[429]

r.ne
oio.og.cal Laboraiory

|LIBRARY I



430 CALIFORNIA ACADEMY OF SCIENCES [Proc. 4th Ser.

they bite or strike bait so readily that they are considered a nuisance by fisher-

men who seek other species. Most triggerfish probably are scrappy fighters

when hooked and give fast and hard action to a fisherman using light tackle.

The species of Balistes that we have eaten have a very good flavor {B. capriscus

and B. polylepis). The flesh of some species from tropical localities has been

reported as toxic.

One major interest in the triggerfishes is the locking and trigger mechanism

of the first two spines of the dorsal fin. This has been demonstrated by working

models in museums and documented many times in technical and popular

publications (see Clothier, 1939).

Several species of triggerfishes are held in high esteem by marine aquarists

throughout the world because of their striking color patterns.

The major purpose of this paper is to afford convenient means to identify

the juvenile and adult stages of eastern Pacific triggerfishes. Certain warranted

changes in scientific names are documented. Protracted prejuvenile stages are

described for MeUchthys niger and Sujjlamen verves. Sexual dimorphism in

pigmentation is described for Xanthichthys mento and Sujjlamen verres. For

each species a synopsis is given on general external morphology, ontogenetic

changes, distribution in the eastern Pacific, and relationship to extralimital

species. Juveniles and adults of each species are illustrated.

Six species of Balistidae occur in the eastern Pacific. MeUchthys niger and

Canthidermis niaculatns have world-wide distribution. Xanthichthys mento is

distributed across the Pacific, and has close relatives in the western Indian

Ocean and the western Atlantic. Pseudobalistes naujragium and Sujjlamen

verres are endemic to the eastern Pacific, but have near relatives in Hawaii and

other Indo-Pacific waters. Balistes polylepis, currently thought to be an eastern

Pacific endemic, is related to a western Atlantic species, but may have closer

affinities with an Hawaiian form.

We acknowledge the advice and assistance of James C. Tyler, during the

progress of our study and in review of the manuscript. Donald Moore made

available to us his unpublished manuscript on the western Atlantic species of

Balistidae. Our manuscript benefited from reviews by William D. Anderson, Jr.,

William W. Anderson, John C. Briggs, Jack W. Gehringer, George C. Miller,

and Vladimir Walters. The following gave information on specimens and made

specimens available to us: James E. Bohlke, Eugenie Clark, Lillian J. Demp-
ster, Myvanwy M. Dick, Donald Dockins, Peter J. Ellickson, W. I. Follett,

Warren Freihofer, William A. Gosline, Carl L. Hubbs, John R. Hunter, Ernest

A. Lachner, Robert J. Lavenberg, Giles W. Mead, H. Geoffrey Moser, George S.

Myers, Gareth J. Nelson, Herbert C. Perkins, Donn E. Rosen, Richard H.

Rosenblatt, Jay M. Savage, Leonard P. Schultz, Carr Tuthill, Boyd W. Walker,

Norman J. Wilimovsky. We wish to credit the following for illustrations used

in this paper: James E. Ruppert (figs. 2, 4, 5, 7, 8, 10, 11, 12, 13, 15), Herbert
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R. Gordy (fig. 16), Grady W. Reinert (figs. 17, 18, 19); the remaining figures

were made by the junior author.

The research was mostly carried out at the Bureau of Commercial Fisheries

Laboratories in La Jolla, California, and in Brunswick, Georgia, and at the

Department of Zoology— Fisheries, University of California at Los Angeles,

and was completed under the auspices of the Bureau of Commercial Fisheries

Tropical Atlantic Biological Laboratory at Miami, Florida.

Methods

Methods of measuring and counting follow those used for Monacanthidae by

Berry and Vogele (1961, p. 62, fig. 1) with the following additions:

Standard length (SL): All body lengths are given in millimeters of stan-

dard length.

Maximum depth: The greatest vertical measurement, usually through the

end of the pelvic process; in specimens with the pelvic fan preserved

in an expanded condition, the fan depressed before measuring.

Scale row counts: The number of rows, aligned obliquely dorsoventrally,

from upper end of gill opening to end of caudal base; the counts not

precise, due to a number of irregular oblique rows and intercalated rows

on most specimens.

Pectoral fin rays: The spine at the dorsal origin of the fin not included in

the count; this spine prominent in very small specimens, inconspicuous

in large specimens; counts recorded from both fins of each fish, but

without respect to right or left orientation. [In specimens with one

more pectoral ray in one fin than the other, this bilateral variation ap-

pears to be random, neither right nor left.]

Gillraker counts: The total number on the lateral side of the first arch on

the right side of the fish; arch exposed by an anterior incision from the

lower margin of the gill slit; rakers close to the posterior end of the arch

often difficult to count.

Vertebrae counts (abdominal + caudal, including the urostyle): The ante-

riormost caudal centrum defined as that centrum with the posterior

margin of its hemal spine touching or in close apposition to the anterior

margin of the dorsal portion of the first and enlarged interhemal spine

(pterj^giophore) of the anal fin. [The dorsal end of the first interhemal

spine terminates below the junction of the eighth and ninth centra in

two eastern Pacific species, Melichthys radula and Canthidermis macu-

latus, and nearly below the center of the eighth centrum in the other

four species.]

Incasing scales of the pelvis: A term preferable to the previously used

"pelvic spine" to denote the scales incasing the posterior end of the

pelvis (see Tyler, 1962, p. 245).
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Prejuvenile stage: The pelagic life-history stage of various marine fishes,

characterized by morphological structure and appearance noticeably un-

like that of the juvenile stage, and by rapid metamorphosis into the

juvenile which is much more like the adult (see Hubbs, 1958, p. 282).

Abnormalities that were obvious in some specimens were not included in the

general descriptions or tables. In the second dorsal and anal fins of some small

specimens it was apparent, from the wide space between the bases of two con-

secutive rays, that a ray had not formed or had degenerated between these two.

In some specimens with a low pectoral ray count on one side, as 15/12 or 13/10,

abnormally multiple branching near the bases of several rays on the fin with

the low count, suggested that two or more rays may have coalesced during an

early stage of development.

Specimens of Melichthys niger, Xanthichthys mento, and Canthidermis

maculatus from other than eastern Pacific localities were not used in the fre-

quency distributions of tables 1 and 2.

The following collection abbreviation symbols are used here and in the text:

AHF, Allan Hancock Foundation, University of Southern California; ANSP,
Academy of Natural Sciences of Philadelphia; BC, Institute of Fisheries Re-

search, University of British Columbia; BLLJ and BLSD, U. S. Bureau of

Commercial Fisheries, Biological Laboratories at La Jolla and San Diego;

BMNH, British Museum (Natural History) ; BPBM, Bernice P. Bishop Mu-
seum, Honolulu; CAS, California Academy of Sciences; LACM, Los Angeles

County Museum; MCZ, Museum of Comparative Zoology, Harvard University;

MNHN, Museum National d'Histoire Naturelle; SIO, Scripps Institution of

Oceanography; SU, Natural History Museum, Stanford University; TABL,
U. S. Bureau of Commerical Fisheries, Tropical Atlantic Biological Laboratory,

Miami; UCLA, University of California at Los Angeles; USNM, United States

National Museum.

Generic Synonymy

We have classified the six species of eastern Pacific Bahstidae into six

genera. We can anticipate disagreement by some of our colleagues with these

allocations, and we expect some taxonomists might label our decisions as ''exces-

sive splitting" into monotypic genera. Not one of these six genera is monotypic

— each contains additional species in other areas of the world.

In the most creditable analysis yet published of generic relationships within

the family Balistidae, Fraser-Brunner (1935, pp. 661-663) divided the family

into 13 genera. This generic classification has variously been accepted, re-

jected, or ignored by subsequent authors; some have alternated in their appli-

cation of Fraser-Brunner's opinions. Recently, de Beaufort (1962, pp. 278-

281), dealing with species representing 11 genera by Fraser-Brunner's classifi-
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Table 1. Frequency distributions of numbers of dorsal soflrays, anal softrays, and

pectoral rays (counted on both sides) for the six species of eastern Pacific Balistidae.

Dorsal softrays

Species



434 CALIFORNIA ACADEMY OF SCIENCES IProc. 4th Ser.

Table 2. Proportions (range in percentage of standard length) of body and fin parts in

different length classes of six species of eastern Pacific Balistidae. [Ranges are rounded to

the nearest one percent, except for eye diameter.]
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Table 2. Continued.
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are arranged irregularly, similar to those in B. capriscus; and in some speci-

mens the sizes and arrangement are intermediate.

Key to Adult Eastern Pacific Balistidae

A. Five to eight conspicuous longitudinal grooves on cheek below eye B

AA. Grooves on cheek absent or inconspicuous C
B. Body scales separated; dark pigment between scales. Figure 13 — . Xanthichthys mento

BB. Body scales close together; no dark pigment between scales. Figure 8

_ _. Stifflamen verres

C. Small scales posterior to gill opening, of similar size to other body scales. Figure 16

Canthidermis maculatus

CC. Enlarged scales posterior to gill opening, much larger than adjoining body scales D
D. Scaleless area on snout behind jaws. Figures 3B and S Pseudobalistes naufragium

DD. Snout completely scaled E
E. No longitudinal ridges on posterior part of body. Figure 4 Balistes pnlylepis

EE. Eight to ten longitudinal ridges on posterior part of body. Figure 11 .. Melichthys niger

Key to Young Eastern Pacific Balistidae

(smaller than 100 mm. SL)

1. Dorsal rays 23 or 24 Canthidermis maculatus

2. Dorsal rays 25

a. Body depth (dorsal to anal) 45-50 percent SL, 2.0-2.2 into SL C. maculatus

b. Body depth (dorsal to anal) 55-60 percent SL, 1.7-1.8 into SL
Pseudobalistes naufragium

3. Dorsal rays 26-27

a. Snout completely scaled. Dorsal rays modally 27 (table 1) Balistes polylepis

b. Snout scaleless posterior to lips (at least as small as 34 mm. SL, possibly not

scaleless in smaller specimens). Dorsal rays modally 26 (table 1) P. naufragium

4. Dorsal rays 28-29

a. Body depth (dorsal to anal) 49-52 percent SL, 1.8-2.1 into SL B. polylepis

b. Body depth (dorsal to anal) 34-39 percent SL, 2.6-2.9 into SL ^. Xanthichthys mento

5. Dorsal rays 30-34

a. Pectoral rays 12/12 to 13/13 A'', mento

b. Pectoral rays 14/14 to 16/16

i. Pectoral rays modally 15. Snout profile blunter (see fig. 9) Melichthys niger

ii. Pectoral rays modally 14. Snout profile less blunt (see figs. 6 and 7)

Sufflamen verres

Balistes polylepis Steindachner.

Finescale Triggerfish.

(Figures lA, 2A, 3A, 4.)

Balistes polylepis Steindachner, 1876, p. 69 (type locality, Magdalena Bay, Baja California,

Mexico).

Body moderately deep; caudal peduncle laterally compressed; head profile

usually slightly convex, occasionally flat or with only a slight convexity over

snout.

Scales covering entire body and head (fig. 3A) ; scales generally of similar

size; some slightly smaller scales on head. Most specimens with scales in irreg-
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Figure 1. A, Balistes polylepis, 38.4 mm. SL, Magdalena Bay, Baja California, Mexico,

SIO 60-294. B, Pseudobalistes naujragiiim, 34.4 mm. SL, Banderas Bay, Jalisco, Mexico,

BLLJ station B6108-31.

iilar arrangement below eye; a few specimens with these scales aligned to form

4 or 5 short, narrow, horizontal and inconspicuous grooves between the scale

rows. No ridges on posterior part of body. Enlarged scales (4 or 5) posterior

to gill opening. Incasing scales of pelvis forming a movable process. Preorbital

groove pronounced.

Teeth with moderately strong cusps, the cusps becoming progressively

smoother with growth (cusps worn off median pair of lower jaw teeth at sizes

larger than about 150 mm. SL).

D. Ill, 26-28; A. 24-26; Pi 13-15 (table 1). Third dorsal fin spine not

markedly shortened. Soft dorsal fin with a pronounced anterior lobe develop-

ing at about 50 to 70 mm. SL. Anal fin with anterior rays longer, but not

forming as pronounced a lobe as in soft dorsal fin. Caudal fin rounded to about

70-80 mm. SL, becoming emarginate at larger sizes, and falcate at about 120-

150 mm. through progressive elongation of the most dorsal and the most ventral
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Figure 2. A, Balistes polylepis, 96.5 mm. SL, Bahia de los Angeles, Baja California,

Mexico, SIO 62-236. B, Pseudobalistes naufragium, 100.5 mm. SL, Bocochibampo Bay,

Sonera, Mexico, UCLA WSl-3.

caudal rays. Scale rows 58-62 (8 specimens). Gillrakers 29-37 (12). Verte-

brae 7 + 11 (4).

Pigmentation. Late juveniles and adults (figs. 2A and 4) generally dark,

but lighter on ventral half of head and body; fins dusky with pectorals the

clearest; fringed area behind pelvic process darker than other ventral parts of

body on some specimens. Juvenile pigmentation persistent to about 100 mm.

SL or smaller as large spots below third dorsal spine, soft dorsal origin, and

soft dorsal termination. Small pelagic juveniles (fig. lA) slightly darker on

upper part of body, with a characteristic black or very dark dorsal spine mem-

brane and a black area behind the incasing scales of the pelvis; usually four

dark areas or spots along the dorsal fin base and three along the anal base, and
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Figure 3. Squamation of snout. A, Balistes polylepis. 117 mm. SL, UCLA \V54-366.

B, Pseudobalistes naujragium, 115 mm. SL, UCLA W51-3.

irregular spots scattered over the body; the softrayed fins usually clear, but

scattered pigment occurring in fins of some individuals.

Range. This endemic eastern Pacific species has been reported from Lobos

de Afuera, Peru (Hildebrand, 1946, p. 481) to San Francisco, California

(Radovich, 1961, p. 30). We have examined specimens from Colombia to

northern California and from the offshore islands of Malpelo, Galapagos

(Charles), Revillagigedo (Socorro), and Tres Marias (Cleopha) — (fig. 17).

This species occurs in offshore waters and at oceanic islands but not so fre-

quently as S. verves, and it does not have the more oceanic orientation of

Melichthys, Xanthkhthys, and Canthidermis. The furthest offshore collection,

about 110 miles southwest of Panama, consisted of four young, 47.5-108 mm.

SL, taken under floating bamboo in a tide rip.

A single specimen, 254 mm. SL, from NW. of Crescent City, California)

represents the northernmost record of the species and the family in the eastern

Pacific. The specimen (SIO 60-511), taken off St. George Light, 41°50'N.,

124°22'W., in water 280 fathoms deep, 20 October 1960, by the trawler "City

of Eureka," was given to the Scripps Institution of Oceanography fish collec-

tion by the Marine Resources Division of the California Department of Fish

and Game on 10 January 1961 (R. H. Rosenblatt, personal communication).

We do not know the depth at which the trawl caught this specimen. This

record is not shown in fig. 17.

Relationships. Three specimens, 251, 262, and 360 mm. SL, labeled

Balistes juscus from Honolulu, Hawaii (ANSP 93826, and BPBM 5013), and

the illustration based on another Hawaiian specimen labeled B. juscus by

Fowler (1928, pi. XLV, fig. C) are referable to B. polylepis. They are not
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Figure 4. Batistes polylepis, 442 mm. SL, Marquis Point, Baja California, Mexico, SIO

62-703.

Balistes [= Pseudobalistes] juscus Bloch and Schneider 1801, which has a

scaleless area on the snout and a relatively shallow preorbital groove. The

Hawaiian specimens cannot be identified through the use of two publications

on Hawaiian Balistidae (Jordan and Evermann, 1905, pp. 407-418; Clark,

1949, pp. 9, 10), and, although they key out to B. juscus in another (Gosline

and Brock, 1960, p. 292), this last treatment is not specific. This species in

Hawaiian waters is generally inadequately known or unrecognized. It may also

occur in other Indo-Pacific areas, and these uncertainties restrict our analysis

of the zoogeography and relationships of the species of Balistes.

Balistes polylepis appears to be a "distant" geminate of B. capriscus Gmelin

of the Atlantic. Balistes polylepis tends to have more scale rows and lacks the

punctulated stripes on the second dorsal and anal fins of B. capriscus. In most

specimens of B. polylepis the cheek scales are smaller and more irregularly

arranged than in B. capriscus; but this character varies among individuals in

B. polylepis, and the cheek scales of a few specimens of B. polylepis we have

seen are almost identical to those of B. capriscus.

Pseudobalistes naufragium (Jordan and Starks).

Smoothcheek Triggerfish, Pez Puerco de Piedra.

(Figures IB, 2B, 3B, 5.)

Balistes naujragiiim Jordan and Starks in Jordan, Starks, Culver, and Williams, 1895, p.

488 (type locality, Mazatlan, Mexico; holotype 173 mm. SL, SU 1656).

Body moderately deep; caudal peduncle compressed; head profile straight

or slightly convex over eye and slightly concave over snout.
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Scales normal over most of body; an area around snout becoming scaleless

(possibly by absorption or sloughing of scales) — (fig. 3B) ; extent of scaleless

area increasing with growth of fish, about anterior 30 percent of head at 51 mm.
SL, about 40 percent at 121 mm., and about 60 percent at 322 mm. Scales on

posterior part of head slightly smaller than those on body. Scales in area below

eye aligned in indistinct and irregular horizontal or slightly oblique rows (less

distinct on larger specimens). No ridges on posterior part of body. Enlarged

scales (4) posterior to gill slit. Incasing scales of pelvis forming a movable

process. Preorbital groove very shallow and short, scarcely evident.

Teeth with moderately strong cusps; worn off median pair of lower jaw

teeth in larger specimens, and these two teeth rounded.

D. Ill, 25-27; A. 23-25; Pi 13-15 (table 1). Third dorsal fin spine not

markedly shortened. Soft dorsal fin with anterior rays forming a slight lobe by

about 200 mm. SL, causing the fin to slant downward to the rounded posterior

margin. Anal fin rounded with the anterior rays longer, but not forming an

anterior lobe, and becoming angulate (sloping backward) in larger specimens.

Caudal fin rounded to about 135 mm. SL, becoming biconcave with slightly

elongated dorsal and anal lobes at larger sizes. Scale rows about 45-55 (6

specimens). Gillrakers 31-36 (6). Vertebrae 7 + 11 (6).

Pigmentation. Juvenile, 34.4 mm. SL (BLLJ station B6108-31, figure

IB): traces of five body bars, mainly on dorsal part of body; spots scattered

over generally dark-pigmented body; dusky row of spots along base and just

distal to base of both soft dorsal and anal fins ; spinous dorsal fin dark ; caudal

dusky; pectorals clear. Juvenile, 51 mm. SL (BC 59-674): specimen some-

what faded; six body bars, first two under spinous dorsal and extending only

about halfway down side, third under origin of soft dorsal fin, fourth under

middle and fifth under termination of fin, sixth on posterior end of caudal

peduncle; trace of one narrow band across interorbital area; no scattered spots

on body or fins ; fins clear except for dusky membranes of the spinous dorsal

fin. Juveniles 101-121 mm. SL (6 specimens, LXLA W51-3, fig. 2B): five

body bars (the anterior two noted on the 51-mm. specimen apparently fused

into one on these and other larger specimens), the first bar interrupted but

extending nearly to ventral profile, the other four bars extending to ventral

profile; small spots scattered over dorsal half of body; two bands across inter-

orbital area; a short line posterodorsal to eye and a broader line posteroventral

to eye extending to first body bar, these lines fused into a solid blotch on some

specimens; a small dark fringed area behind pelvic process; spinous dorsal fin

dark; pectoral fin nearly clear; the other three fins dusky; scattered spots on

posterior parts of soft dorsal and anal fins on one 115-mm. specimen. Other

larger specimens examined have these body bars, the fifth bar tending to

become obscure. The largest specimen with body bars was 211 mm. (L^CLA
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Figure 5. A, Pseudobalistes naufragiiim, 352 mm. SL, Islas Venados, Sinaloa, Mexico,

UCLA W51-43.

W56-115), and only the anterior four bars were visible; this specimen was the

only one seen that had three bands across the interorbital area (a 203-mm.

specimen from the same station had the usual two bands). One collection of

three specimens, 118, 164, and 178 mm. SL, from Panama (SU 6877), afforded

the suggestion of variation in pigmentation: all have traces of the interorbital

bands; the 118- and 164-mm. specimens have five faint body bars; the 178-mm.

specimen lacks the bars, and has a mottled pattern of many thin, irregular and

wavy, variously directed, dark lines—this last is reminiscent of the lines shown

for a specimen of about 135 mm. of Pseudobalistes juscus from the Red Sea by

Clark and Gohar (1953, text-fig. 5c). A larger specimen (237 mm., UCLA
W56-114) and the two largest specimens examined, 322 mm. (SIO 62-63) and

352 mm. (UCLA W51-43, fig. 5), have no distinctive markings but have gen-

erally dark pigment all over with lighter pigment distally on the dorsal and

anal softrays.

Range. This endemic eastern Pacific triggerfish is apparently common

nowhere. It is known to range from Guayaquil, Ecuador (SU 9305, CAS
IU13432a, USNM 53485), to Santa Maria Bay on the western coast of Baja

California (UCLA W55-100), and to Bocochibampo Bay, Sonora, on the main-

land coast of Mexico (UCLA W51-3). It has not been recorded from the major

offshore islands, but has been taken at Isabel Island off Nayarit, Mexico (SIO

62-63). Specimens that Fowler (1944, pp. 298, 412, 526) recorded from "North
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of Galapagos" and from Isabel Island as Batistes naujragium are not this spe-

cies, but are young of Batistes polytepis.

Relationships. Four nominal species were assigned to the genus Pseudo-

balistes, characterized by a scaleless area on the cheeks and a shallow preorbital

groove, by Fraser-Brunner (1935, p. 663). De Beaufort (1962, pp. 305-306)

recognized two of these species as valid, P. juscus (Bloch and Schneider) and

P. jlavimarginatus (Riippell), both ranging from eastern Africa eastward to the

Tuamotu Islands; P. juscus ranging northeastward to Hawaii. De Beaufort

considered the third species, P. chrysospilos (Bleeker), to be a junior synonym

of P. juscus. The fourth nominal species listed by Fraser-Brunner, P. nau-

jragium, one of three valid species of Pseudobalistes, is most closely related to

P. juscus, which was briefly defined and finely illustrated from Red Sea speci-

mens by Clark and Gohar (1953, p. 28, text-figs. 5a, 5b, and 5c; pi. I, fig. 1).

Pseudobatistes naujragium and P. juscus have similar numbers of fin rays, but

differ appreciably in the pigmentation pattern of their juvenile stages.

Sufflamen verres (Gilbert and Starks).

Carr's Triggerfish, Coche.

(Figures 6, 7, 8.)

Batistes verres Gilbert and Starks, 1904, p. 153, pi. XXVI, fig. 49 (type locality, Panama;

holotype SU 6805).

Body moderately elongate and shallow; caudal peduncle compressed; snout

and head profile generally straight, sometimes slightly concave anterior to front

of eye and convex above eye.

Scales covering entire head and body. Seven or eight horizontal grooves

below eye, irregular and pronounced, but shallow; enlarged scales in single rows

between the grooves; scales anterior and posterior to this area slightly smaller

than scales on remainder of body. Area on sides from about a vertical at soft

dorsal fin origin to caudal base with about 10 to 14 horizontal, interrupted

ridges formed by elevated processes on anterior angle of scales. Enlarged scales

(3 or 4) behind gill slit. Incasing scales of pelvis movable. Preorbital groove

moderately deep and pronounced.

Teeth with moderate to strong cusps, the cusps usually worn almost smooth

on medial teeth of large specimens, especially in lower jaw.

D. Ill, 30-33; A. 27-30; Pi 14-15 (table 1). First dorsal spine thick;

third spine short, but not markedly reduced. Soft dorsal and anal fins without

pronounced fin lobes, fourth or fifth rays the longest. Caudal fin truncate to

about 180 mm. SL, becoming emarginate at larger sizes with the most dorsal

and ventral rays slightly produced. Scale rows 52-57 (3 specimens). Gillrakers

27-31 (4). Vertebrae 7 + 11 (3).

Ontogeny and pigmentation. Sujjtamen verres exhibits sexual dimor-

phism in pigmentation and has a characteristic spotted prejuvenile stage.
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Figure 6. Sufflamen verres. A, 26.0 mm. SL, 69 miles off Acajutla, El Salvador,

UCLA WS8-222. B, 46.5 mm. SL, Clipperton Island, UCLA WS6-161. C, 54.6 mm. SL,

Ceralbo Island, Gulf of California, Mexico, UCLA W61-34.

In the smallest juveniles examined, 12.6 mm. (UCLA W60-139) to 26 mm.

SL, the body is dark on the upper part and light on the lower, with three or

four spots developing along the base of the dorsal fin (fig. 6A). Spots begin

to develop on the upper part of the body at about 26 mm., and this "late" or

spotted prejuvenile stage probably persists to an average length of about 55

mm. (as in fig. 6B). It may extend in a "protracted" prejuvenile stage, to at
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Figure 7. Sufflamen verres, 64 mm. SL, Clipperton Island, SIO 62-341.

least 75.5 mm. (BC 60-464, as in fig. 7), or transformation to the unspotted

juvenile stage may occur in specimens as small as 50.5 mm. (UCLA W61-34,

as in fig. 6C). In the protracted prejuvenile stage, the spots tend to elongate

into an irregular series of broken lines (fig. 7); in the largest specimen of this

stage, the broken stripes are restricted to an area just above each pectoral fin,

and are visible only when the specimen is wet.

In some of the smaller juvenile specimens, the body is almost uniformly

dark brown. In others, the lower part of the body is lighter (fig. 6C).

The pigmentation of males and females is similar in pattern but is very

different in intensity. In males the dark upper body parts are darker and the

lower body parts much lighter than in females (fig. 8). In males the throat is

very light and the lower half of the body from the peduncle to near the pelvic

fins is only slightly darker. The line on each side from the posterior angle of

the lips to below the gill slit, and the band extending under the throat and

connecting these two lines, are very pronounced in males, but are generally

vague or not apparent in females. The pronounced pigmentation pattern Was

present in 17 males, 197-375 mm., and the pale pigmentation in 30 females,

141-342 mm. The sex of these 47 specimens was determined by gross examina-

tion of the gonads. In an additional 27 specimens, 100-204 mm., we either

could not locate gonads or could not determine sex.

The liver was extremely large, almost filling the body cavity, in two speci-

mens of the protracted prejuvenile stage, 62 and 65 mm. (CAS 6036). In

juvenile specimens of similar lengths and in many adults examined, the liver

was relatively much smaller.

Relationships. Sujjlamen verres is closely related to S. jraenatus (La-

treille) [= 5. capistratus (Shaw) = S. mitis (Bennett)] which ranges from Ha-

waii westward to South Africa. The two species are very closely similar in

morpholog}' and in adult pigmentation. Specimens of S. jraenatus from the
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Figure 8. Sujflamen verres. A, male, 206 mm. SL. B, female, 210 mm. SL. Punta los

Custodies, Nayarit, Mexico, UCLA WS8-37.

central Pacific have a lower number of softrays (about D. 28-30, A. 24-26)

than 5. verres (table 1); but a specimen of S. jraenatus (ANSP 101164) from

South Africa, at the western extreme of the range, has D. 31 and A. 27, very

similar to 5. verres.

Range. This endemic eastern Pacific species is known to range along the

American continent from Salinas, Ecuador (Orces, 1959, p. 89), to near Cedros

Island, western Baja Cahfornia, Mexico (SU 57245). It occurs at most of

the offshore islands— the Galapagos, Cocos, Clipperton, Revillagigedos, and

Tres Marias Islands— and has been taken well offshore as developing young.

The northernmost record for the species, near Cedros Island, is based on a
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c
Figure 9. Melichthys niger, 47.4 mm. SL, Clarion Island, UCLA W5S-163.

30.5-mm. SL prejuvenile, collected November, 1937 by the ZACA, and labeled

as "food of Makaira mitsukutii.^'

Melichthys niger (Bloch).

Black Triggerfish, Black Durgon, Galafate.

(Figures 9, 10, 11.)

Baliites nigra Osbeck, 1757, p. 295 (species name pre-Linnean and not available; type

locality "Assensionen")

.

Balistes niger Bloch, 1786, p. 27, pi. CLII, fig. 2; plate incorrectly labeled Balistes ringens;

type locality, " ? chinesischen Gewasser")

.

Le Baliste Sillonne Lacepede, 1798, p. 370, pi. 18, fig. 1 (vernacular name only; type

locality "Mers des Indes"; cited as Balistes sillone Lacepede with holotype A. 8497 in

Museum National d'Histoire Naturelle according to Le Danois, 1961, p. 519).

Balistes radula Solander in Richardson, 1848, p. 21, pi. 6, figs. 1-4 (type locality. Pacific

Ocean?)

.

Balistes kibitar Thiolliere, 1857, p. 216 (type locality, Woodlark Island; according to

Fowler, 1928, p. 455). x
Balistes piceus Poey, 1863, p. 180 (type locahty "Havane").

Melichthys bispinosits Gllbert, 1890, p. 125 (type localities, Clarion and Socorro Islands).

Balistes fuscelineatus Seale, 1901, p. 9, fig. 4 (type locality, Honolulu; holotype no. 664

and paratype in Bernice P. Bishop Museum according to Fowler, 1928, p. 455).

Body moderately elongate; caudal peduncle compressed; head profile con-

cave above eye, slightly convex above snout on some specimens.

Scales covering entire head and body; no grooves between scale rows below

eye; scales on body posterior to soft dorsal fin origin with keels forming 8 to 10

longitudinal ridges. Enlarged scales (4 or 5) behind gill opening. Incasing

scales of pelvis movable, tending to become fixed in large specimens. Preorbital

groove moderately deep and pronounced.

Teeth with cusps in young specimens becoming truncate with growth, espe-

cially on the medial teeth (see below).
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Figure 10. Melichthys niger. A, prejuvenile, 121 mm. SL, Cocos Island, UCLA W5S-
52. B, juvenile, 125 mm. SL, Clipperton Island, UCLA W56-236.

D. Ill, 31-34; A. 27-30; Pi 14-16 (table 1). Third dorsal spine small, very

small and recessed below the dorsal profile at sizes larger than about 130 mm.

SL. Soft dorsal and anal fins with the anterior rays longest, but without a

pronounced lobe. Caudal fin biconcave at about 128 mm. Scale rows 52-54

(3 specimens). Gillrakers 33-39 (3 specimens). Vertebrae 7 + 11 (4 speci-

mens), 7 + 12 (in one apparently normal specimen, UCLA W53-126).

Ontogeny and pigmentation. The eastern Pacific specimens examined

represent four growth stages that differ in morphology and pigmentation:

Early prejuvenile (1) 47.4 mm. SL (UCLA W55-163).

Late prejuvenile (4) 91, 121, 128, 144 mm. (SIO 62-341; UCLA W55-52,

W51-266; BC 57-143).

Transforming prejuvenile (1) 127 mm. (BC 56-329).

Juvenile and Adult (42) 90, 96.5, 97, 99, 107, 108, 108, 113, 118, 119, 124,

126, 126, 159 mm., and 28 larger specimens.
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The early prejuvenile specimen (fig. 9) differs in body shape and in having

less pronounced pigmentation than the late prejuveniles.

The late prejuvenile specimens (fig. lOA) are dark on the upper part of

the body and lighter below and have clear dorsal and anal fins and six or seven

narrow dark orbital bands radiating from the eye (the 4 median bands usually

join across the top of the head). Single specimens, similar to these, with clear

fins, light bodies, eye bands, and cusped teeth have been examined from Hawaii

(ANSP 88511), the Tuamotu Islands (CAS uncataloged), and Aves Island

west of Dominica in the Caribbean Sea (TABL, OREGON station 4987).

In the characteristic black juvenile and adult stages, the body and fins are

entirely black except for areas of the dorsal, anal, and caudal fins (fig. 11). A
narrow white stripe (sometimes described as blue) extends along the base of

both the dorsal and anal fins. The caudal fin is progressively lighter from the

caudal base posteriorly to a dark lunate bar that extends from the dorsal to

the ventral lobe; this bar has a narrow, pale posterior margin followed by a

broader and slightly darker area at the distal edge of the fin. A series of nine

specimens from a collection from Cocos Island (BC 56-329) contains the

single transforming prejuvenile (127 mm.) and eight dark juveniles (90-126

mm.). The four smallest of these (90-97 mm.) have visible orbital bands, and

the black pigmentation is not so intense as in the larger prejuveniles (107-126

mm.). The orbital bands are apparent in juveniles up to 118 mm., but are

very indistinct in slightly larger specimens, and are not visible in most speci-

mens larger than 126 mm. They apparently are only obscured by the black

body pigmentation, for in a very old and very faded specimen of 247 mm.,

eight orbital bands are apparent (USNM 5988).

In the transforming prejuvenile specimen the body is uniformly brownish,

the dorsal and anal fins are less brownish, and the narrow, clear basal area in

both fins (that will become the white stripe in the juvenile) is apparent; the

orbital bands are detectable but vague.

The color in life of a prejuvenile specimen was given by Seale (1901, p. 9,

fig. 4), under the name of BaUstes juscolineatus. Color of the adults in life

was excellently described by Randall (1955, p. 220), under the name of Melich-

thys buniva, and notes on live coloration were given by Jenkins (1903, p. 483).

The genus Melichthys has been characterized as having teeth lacking cusps

or points. Tooth structure changes are associated with transformation from the

prejuvenile to the juvenile stage. The prejuveniles have pronounced cusps on

all teeth, but these are generally more rounded in the larger prejuveniles. The
smaller juveniles (90-126 mm.) generally show a progression of rounding of

the cusps with increase in size; the median pair of teeth in the upper jaw

become truncate. Teeth in the lateral parts of the jaws never become entirely

truncate, but retain evidence of the prejuvenile cusps. The smallest juvenile

observed with truncate teeth was 113 mm. The largest juvenile with pro-
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Figure 11. Melichthys niger.

Island, SIO 59-334.

A, female, 206 mm. SL. B, male, 203 mm. SL. Cocos

nounced, unrounded tooth cusps was 108 mm. The change in tooth shape prob-

ably represents a change in habitat and feeding habits.

The head profile of adults is variable. Most have a slight notch under the

lower jaw, as does the female in fig. IIA. The male in fig. IIB has a blunt,

rounded snout, but this may not indicate sexual dimorphism, for several other

males have the same head shape as the female in fig. IIA. The size ranges of

specimens for which we were able to determine sex were: males, 183-306 mm.,

and females, 192-230 mm.
The liver was relatively much larger in seven late prejuvenile specimens
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than in several juveniles and adults. A similar situation was observed in 5.

verves. We have not examined this feature in detail, but it suggests some inter-

esting problems of physiology.

Range. A circumtropical oceanic species, usually associated with oceanic

islands. In the eastern Pacific known only from Malpelo, Cocos, and Clipper-

ton Islands and from Clarion and Socorro Islands in the Revillagigedo Islands.

We have examined specimens from each of these localities (fig. 18). A speci-

men was reported from between Cocos Island and Panama, at 7°00'N.,

84°10'W., by Clemens (1955, p. 166), but we have been unable to locate it to

verify the identification. Rosenblatt and Walker (1963, p. 102) indicated that

Melkhthys had been collected on the mainland of western America, but we

have not located or confirmed the record. There is a suggestion that this species

may have occurred on the mainland. Girard (1858, p. 338) mentioned speci-

mens of balistids collected at San Diego, California, by A. Cassidy that "were

of a jet black tint, with light (either white or yellow) margined fins"—these

specimens were lost prior to 1858 in moving a large collection of fishes to the

Smithsonian Institution. Although we consider it unlikely, it is possible that

these lost specimens mentioned by Girard could have been M. niger, for oceanic

conditions off San Diego in the 1850's were different from those of recent

decades (see Hubbs 1949, p. 464).

We have not thoroughly investigated details of the world-wide distribution

of M. niger. The range was recorded by de Beaufort (1962, p. 284) as,

"Sumatra (Priaman); Menado? — Durban, Delagoa Bay, Zanzibar, Seychelles,

Mauritius, Ceylon, Christmas Island, China, Philippines, Pacific eastwards as

far as Cocos Island, tropical Atlantic." De Beaufort further stated that the

only specimen known with certainty from the Indo-AustraUan Archipelago was

that from Priaman, Sumatra, recorded by Bleeker; however, we can confirm as

M. niger the description of a prejuvenile specimen (under the name of "?

Melichthys buniva") from Menado, Celebes, by Koumans (1953, p. 262).

Fowler (1928, p. 455) reported specimens from a number of central Pacific

localities— Thorton Island, Tuamotus, Johnson Island, Marshall Islands, Hon-

olulu, Hawaii, Marcus Island, French Frigates Shoal, Gardner Island, Necker

Island, W^ake Island, and Lysan Island.

Relationships. We consider that three species comprise the genus Me-

lichthys :

Melichthys niger (Bloch) is described above.

Melichthys vidua {— Balistes vidua Solander in Richardson, 1844, p. 128,

pi. 59, figs. 9, 10; type locality, Otaheiti = Tahiti
;

probable holotype in

BMNH, according to Gunther, 1870, p. 217). This species ranges from South

Africa eastward to Hawaii and the Tuamotu Islands. Its pigmentation is char-

acterized by a black (or brown) head, body, and first dorsal fin; the caudal

fin and posterior part of the peduncle clear, with a thin black margin around
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the caudal fin on some specimens; and clear second dorsal, anal, and pectoral

fins with a narrow black margin around the second dorsal and anal fins and on

the distal part of the pectoral fins. Seven to 10 longitudinal ridges occur on the

peduncle and posterior part of the body. All teeth have well developed cusps in

most specimens examined up to 156 mm. SL, but in the largest specimen exam-

ined, 215 mm. (BC 60-220), the median teeth are truncate and the lateral

teeth have smooth cusps. We have not observed a prejuvenile stage of this

species, but the smallest specimen examined, 92 mm., in a series with five other

specimens, 99-156 mm. (USNM 168545-50), has the lightest body pigment

of any we have seen. This species has been placed in the genus BaUstes by most

authors, who have at the same time placed niger (as radula) in Melkhthys.

Melichthys nycteris {= Pachynathus nycteris Jordan and Evermann, 1903,

p. 199; type locaHty, Honolulu; holotype 133 mm. SL, USNM 50821). We
have examined three specimens of this species, the holotype, a 95-mm. specimen

from Honolulu (ANSP 77704), and a 93.5-mm. specimen from off Thailand

in the Andaman Sea (ANSP uncataloged ) . Fowler (1928, p. 450) recorded

two specimens from Honolulu in the B. P. Bishop Museum [Fowler's plate

XLIV, fig. B, labeled BaUstes vidua, is M. nycteris]. Fowler (1946, p. 213,

fig. 73) described another specimen of this species as a proposed new genus and

new species, Oncobalistes erythropterus, from Aguni Shima, Riu Kiu Islands

(holotype ANSP 72087). The pigmentation of this species is characterized

by a black (or brown) head, body, and peduncle; the caudal fin dusky to

relatively clear; the pectoral fins clear with a narrow, dusky posterior margin;

and the second dorsal and anal fins with narrow dark margins and with three

or four narrow longitudinal stripes in the second dorsal fin and with two such

stripes in the anal fin. Orbital bands, similar to those in M. niger, are visible

on the smallest specimen. The three specimens examined have about 14 indis-

tinct, longitudinal ridges on the posterior part of the body and peduncle, and

all teeth have well developed cusps.

The following mean fin ray counts suggest intraspecific and interspecific

differences in the three species of Melichthys:
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name, originally proposed as Balistes niger, and used it for the species in an

early 1964 draft of this manuscript. Later that year we concluded that Balistes

niger Bloch, 1786, had not been used as senior synonym since it was originally

described, and we concluded that it presumably qualified as a nomen oblitum

under the somewhat inexact provisions of Article 23(b) of the International

Code of Zoological Nomenclature (1961, p. 23).

In late 1964, W. I. Follett advised us that, under the provisions of the

second edition of the International Code of Zoological Nomenclature Adopted

by the XV Congress of Zoology (1964, p. 11), the name Melichthys radula

(Solander in Richardson, 1848, p. 22) was the valid name for this species. This

name was not valid according to Article 11(d) of the first edition of that Code

(1961, p. 11), because it had originally been described, however incorrectly, in

synonymy of another species (see below). The 1964 edition of the Code vali-

dated Balistes radula Solander, because "prior to 1961" it had "been treated as

an available name with its original date and authorship" and it had been

"adopted as the name of a taxon."

Three factors have now (15 July 1966) made us reject Balistes radula

Solander and accept Balistes niger Bloch as the valid name for the black

triggerfish. Article 23(b) of the Code has been suspended by the International

Commission of Zoological Nomenclature (W. I. Follett and Lillian J. Dempster,

personal communication). The name Melichthys niger (Bloch) has been pub-

lished as the senior synonym of this species by Mago Leccia (12 July 1965.

p. 411). The rejection of radula in favor of niger does not overtly contravene

the desired principle of stability in nomenclature, because, although radula has

most frequently been used for this species, the species name has also frequently

been confused (see below).

Osbeck (1757, p. 295) defined this species and published its first Latinized

binomial, Balistes nigra, based on specimens from Ascension Island in the

South Atlantic Ocean. One year later, in the initial nomenclaturally acceptable

publication in zoology, Linnaeus (1758, p. 329) incorrectly included Osbe'ck's

Balistes nigra in synonymy of the species that Linnaeus named Balistes ringens

[recognized by us as Xanthichthys ringens]. Linnaeus (1766, p. 409) repeated

this error, with the addition to synonymy of the reference to Gronow's manu-

script. The "thirteenth edition" of Linnaeus's Systema Naturae, edited and

emended by Gmelin (1788, p. 1469), adhered to Linnaeus's prior usage and

added several references in synonymy, including the description of Balistes

niger by Bloch (1786, p. 27 and pi. 152, fig. 2).

In the meantime, Osbeck 's 1757 work had become nomenclaturally accept-

able through two post-1758 translations. In the translation to German (1765,

p. 386) by Georgi, Balistes nigra of the original publication was replaced by

Balistes ringens. In the introduction to his translation of the German edition

to English (1771, vol. 1, p. x), Forster stated that Osbeck had revised and made
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additions to the German translation. Presumably then, Osbeck adhered to Lin-

naeus's opinion of 1758 and substituted ^'ringens" for "nigra" in the 1765

edition. In the English edition (1771, vol. 2, p. 93) this name was given as

"BALISTES ringens Linn. Nigra Osbeck," where the reference to the original

use of "nigra" by Osbeck was apparently inserted by Forster.

Bloch (1786, p. 27-28, pi. CLII, fig. 2) described and illustrated this

species, and his is the earliest nomenclaturally acceptable name we can locate.

He cited Lister (in Willughby) as the first to publish on this species and Wil-

lughby (1686, app., p. 21; app., pi. I, fig. 24) as the first to illustrate it. Bloch

recognized that his Balistes niger was identical with a fish described by Osbeck,

but he referred only to the post-1758 translation of Osbeck (1765, p. 386,

where Osbeck's name was given only as Balistes ringens), and he erroneously

considered Osbeck's description to have been based on specimens from China.

Because Bloch did not refer to the 1757 and 1771 editions of Osbeck (where

"nigra" was used), we consider that he was proposing a new specific name for

this species, and that authorship of "niger" should be credited to Bloch. De

Beaufort (1962, p. 283) placed "niger" of Bloch in questionable synonymy of

"radula" Solander.

Additional confusion was introduced when the figure complementing Bloch's

description of B. niger (pi. CLII, fig. 2) was incorrectly captioned "BALISTES

RINGENS." The figure is a creditable portrayal of M. niger, although it

shows five truncate teeth on the right side.

In a publication two years after Bloch's, Bonnaterre (1788) capitalized on

this awkward situation. His description of "LE SILLONE 10. B. ringens" (p.

19) is of Xanthichthys, and the habitat was given as "L'Isle de I'Ascension."

He copied Bloch's figure of M. niger (which Bloch had incorrectly labeled B.

ringens) to illustrate this (pi. 12, fig. 39, as "Le Sillonne"). Then Bonnaterre

proposed B. niger as a new name to identify his "LE BALISTE NOIR" (p. 19,

pi. 85, fig. 352), which according to the illustration and to de Beaufort (1962,

p. 288) is the species currently recognized as Balistes [Balistapus] conspicillum

Bloch and Schneider 1801.

In the treatment by Bloch and Schneider (1801, p. 472), M. niger was

described and discussed in the genus Balistes under the specific name of

"VINGENS."
Swainson (1839, p. 325) perpetuated the problem by listing the first species

under his new genus, Melichthys, as "ringens. Bl. pi. 152.2." Bloch's species

has been considered as the type species of Melichthys by most revisers of

Swainson. The proper designation of this type species should be Balistes ringens

Bloch (not Linnaeus), 1786, pi. 52, fig. 2 = Balistes niger Bloch 1786, p. 27.

GiJnther (1870, p. 227) attempted to emend Swainson's genus to a subgenus

with the spelling of Melanichthys.

Giinther (in Playfair and GiJnther, 1866, p. 135) gave the specific name of



Vol. XXXIV] BERRY AND BALDWIN: EASTERN PACIFIC TRIGGERFISHES 455

Figure 12. Xanthichthys mento, 55 mm. SL, Clipperton Island, UCLA W58-281.

this species as ^^niger,^^ which he considered to be a classical emendation of

Forster's addition of "Nigra^' to the 1771 translation of Osbeck. Giinther did

not refer to the 1786 work of Bloch, and later (1870, p. 227), he still further

confused the issue by incorrectly considering the Batistes buniva of Lacepede

to be a senior synonym of this species.

In addition to the publication of "w/ger" by Bloch and by Bonnaterre as

a new specific name for different species of Balistidae, there are at least two

other such proposals: Batistes niger Mungo Park (1797, p. 37) is currently

recognized as Batistes [Sufjtamen] chrysopterus Bloch and Schneider 1801; and

Xenodon (Batistes) niger Riippell (1835, p. 53, pi. XV, fig. 2), currently

recognized as Batistes [Odoniis] erythrodon Giinther 1870 (according to de

Beaufort, 1962, pp. 292 and 295).

Richardson (1848, p. 21, pi. 6) described and illustrated this species under

the name of Batistes ringens Bloch, based on the figure by Bloch (1786, pi. CLII,

fig. 2). At the conclusion of his treatment, Richardson published, for the first

time and in synonymy of Batistes ringens, the name and description of Batistes

raduta Solander from Solander's manuscript, Animatia Oceani Pacijici. The

1964 edition of the Code affords validation of Batistes raduta Solander, because

"prior to 1961" it had "been treated as an available name with its original

date and authorship" and it had been "adopted as the name of a taxon." The

first pubhshed use of Metichthys raduta (Solander 1848) in the above context

that we have found is by Jenkins (1903, p. 483). The use of this name was

perpetrated by Snyder (1904, p. 534) and by Jordan and Evermann (1905.

p. 417), and this is the name that subsequently has been applied most often

to the species (see de Beaufort, 1962, p. 283).

Two other names have been used a number of times for this species: 1)

Batistes buniva Lacepede (1802, pp. 668-670, pi. 21, fig. 1; type locality, Nice,

France). The description and illustration are not of a Metichthys. Briggs
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(1961, p. 554) was correct in suggesting that Lacepede's buniva should be

retained in synonymy of BaUstes capriscus GmeHn (1788), but M. buniva fre-

quently has been used for M. niger in the Pacific (see Clark, 1949, p. 9 and fig.

2, not p. 2; Gosline and Brock, 1960, pp. 294 and 343). 2) BaUstes piceus

Poey (1863, p. 180). This is a junior synonym of M. niger, and often has

been applied to this species in the West Indies (see Jordan, Evermann, and

Clark, 1930, p. 493).

Xanthichthys mento (Jordan and Gilbert).

Redtail Triggerfish.

(Figures 12, 13.)

BaUstes mento Jordan and Gilbert, 1882, p. 228 (type locality, Clarion Islands, Revilla-

gigedos; holotype USNM 28387).

Xanthichthys gotonis Tanaka, 1918. Tanaka, 1935, p. 481, pi. CXXXI, fig. 372 (type

locality, Sagami Sea) [male].

Xanthichthys piirus Tanaka, 1918. Tanaka, 1935, p. 484, pi. CXXXTI, fig. 374 (type

locality, Sagami Sea) [female].

Body moderately elongate and shallow; caudal peduncle moderately com-

pressed; snout and head profile convex, almost straight on some specimens.

Scales covering head and body. Conspicuous horizontal grooves on cheek

below eye, usually five grooves of which the three median ones are the most

pronounced, occasionally six and rarely four grooves; a single row of enlarged

scales between each groove. Diagonal grooves between scales on body, less pro-

nounced than those on cheek. Area on sides posterior to soft dorsal fin origin

with about 10 to 13 weak, irregular ridges produced by spinules on scales. No
enlarged scales behind gill opening. Incasing scales of pelvis movable. Pre-

orbital groove moderately deep and pronounced.

Teeth with strong cusps, the cusps slightly reduced on the two lateral pairs

of upper jaw teeth in large specimens, and all teeth with a dark tinge in larger

specimens; median pair of upper jaw teeth smaller than adjacent pair.

D. Ill, 28-32; A. 25-29; Pi 12-13 (table 1). Third spine of dorsal fin

minute at all sizes, not extending above the dorsal surface of the body. Soft

dorsal and anal fins developing slightly produced anterior lobes by 54.5 mm. SL,

the 3rd or 4th rays the longest in the fins. Caudal fin rounded in small speci-

mens, becoming bifurcate by about 100 mm., dorsal and anal lobes produced.

Scale rows 42-43 (3 specimens). Gillrakers 40-47 (5). Vertebrae 7 + 11 (3).

Pigmentation. Sexual dimorphism exists in pigment pattern of adults.

Males (fig. 13A). The dark head contrasts with the lighter body. The

throat and ventral surface of the body are slightly lighter than the rest of the

body. A small rounded dark spot occurs in the center of most of the lighter

colored scales on the body and throat; the interscale grooves are a contrasting

darker shade as are the dorsal and anal fin sheaths. The soft dorsal and anal
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fins are nearly clear (unpigmented) ; the proximal parts of a few of the rays

are dusky. The pectoral fins may be slightly dusky. The caudal fin is dusky

with an almost clear lunate margin.

Females (fig. 13B). The pigmentation is generally darker than in males.

There is little contrast in head and body pigment density (as with males). The

ventral surfaces are slightly lighter than the remainder of the body. Small

rounded spots occur on a few scales of some specimens, but these are usually

indistinct. The dark grooves between the scales are more pronounced than in

males. The soft dorsal and anal fin rays are pigmented throughout their length,

and the interradial membranes are clear, so that the fins appear dark distally.

Pigmentation of the pectoral and caudal fins is similar to that in the males,

except that the clear distal margin of the caudal is slightly wider in females.

Small juvenile specimens are dark above and light below; the interspinous

membrane is black with a smaller clear area around the second spine, the other

fins are clear; dark spots form on the upper part of the sides by 23.6 mm. SL;

these spots increase in number and extend down the sides in larger juveniles

(fig. 12).

Tanaka (1918) described two new species of Xanthichthys and later (1931,

p. 5) recognized the type specimens as different sexes of the same species

(Tanaka placed his X. gotonis and A', purus in synonymy of X. Uneopunctatus;

we consider them to be junior synonyms of X. mento). Tanaka's colored draw-

ings of these two specimens (1931, pi. II) show appreciable differences in color-

ation, the male with a red tail, yellow body with light blue spots, and a deep

blue head, and the female with a yellowish tail, bluish green body, and light

blue head.

The description of the "coloration in spirits" of the holotype of X. mento

indicates that this was a female. The type specimen was searched for in the

U. S. National Museum on 9 March 1964 but was not found.

Range. Primarily oceanic, particularly around oceanic islands, and pre-

sumably ranging across the entire north Pacific. We have examined specimens

taken at a number of offshore localities in the eastern North Pacific from

Guadalupe Island to Clipperton Island (fig. 19). Xanthichthys mento has been

reported from Santa Catalina Island and San Diego, California, by Jordan

(1919, p. 2; 1924, p. 82). The occurrence of this species at Easter Island in

the eastern South Pacific (USNM 65700, MCZ 29627), and its apparent

absence between there and Clipperton Island, suggest an antitropical distribu-

tion in the eastern Pacific. If X. mento occurs at Cocos or the Galapagos

Islands, it should have been collected there. This species was reported to be

"Not common" at Hawaii (Gosline and Brock, 1960, p. 293), but United States

museums contain a number of Hawaiian specimens, and the smallest specimens

of Xanthichthys we have seen were caught in Hawaiian waters (18.2-21.5 mm.

SL; USNM 118057, SIO 60-253). We have not checked many other records
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Figure 13. Xanthichthys mento. A, male, 203 mm. SL, UCLA WS2-82. B, female,

208 mm. SL, UCLA W52-14L Both from San Benedicto Island, Revillagigedo Islands.

of this species from the central and western Pacific. Kuroda (1961, p. 70,

fig. 2) described the live coloration of a specimen (as X. lineopunctatus) from

Zensu Island (30°56'N., 138°49'E.). Kamohara (1957, p. 55) reported on a

specimen (as X. lineopunctatus) from Ankyaba, Amami-Oshima, Japan. Fowler

(1928, p. 451) recorded a specimen (as B. ringens) in the U. S. National Mu-

seum from Fiji, collected by the Wilkes Expedition, although this was not

recorded in his later list of "The fishes obtained by the Wilkes Expedition,

1838-1852" (Fowler, 1940, p. 797). We presume the record from Nauru to

represent X. mento on the basis of its distribution, although the two specimens

recorded from there were only listed (as Xanthichthys ringens (Linne)) and

were not described (Whitley and Colefax, 1938, p. 299).

Relationships. We tentatively conclude that the genus Xanthichthys

contains three species.
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Xanthichthys ringens (Linnaeus 1758) in the western Atlantic is charac-

terized by two or three pigmented grooves below the eye and dark spots at the

apices of most of the body scales. This name is not definitive. Linnaeus'

description (1758, p. 329) was based on at least two species, one which we
consider to be the western Atlantic Xanthichthys, and the Balistes nigra of

Osbeck (1757) from Ascension Island with the valid name of Melichthys niger

(Bloch). Linnaeus' earlier account of Balistes ringens (1754, p. 58) is also

confusing, because it was based in part on Willughby (1686, p. 152, pi. 19),

which appears to have represented Balistes capriscus, and Linnaeus recorded

the habitat as "in Europa australi." His record of habitat in 1758 as "ins.

Ascensionis" was obviously biased by Osbeck's account. However, excluding

those taken from Osbeck, the fin ray counts Linnaeus recorded in both 1754

and 1758 apply to X. ringens as we know it, and from his descriptions it seems

possible that he had a specimen of this species. If we correctly interpret two of

his descriptive terms, they apply to the two or three pigmented grooves under

the eye of X. ringens—"Balistes lateribus capitis triplicatis" and "Latera capitis

plicis 3 mobilibus."

Xanthichthys lineopunctatus (Hollard, 1854), known from South Africa to

Mauritius (type locality, Bourbon Island = Reunion), has three to five pig-

mented grooves below the eye. It is similar to X. ringens in having dark spots

at the anterior apices of the scales on the ventral third of the body, and these

form about six horizontal rows of spots. Scales along the lateral midline of the

body have about two rows of spots, elongated into dashes which extend posteriad

from the anterior scale apex to about one-third of the scale length. On the

upper part of the body these dashes are coalesced to form seven or eight narrow,

irregular stripes. This pigmentation was illustrated by Smith (1961, pi. 90, fig.

1165). We have examined two adult A', lineopunctatus from South Africa

(ANSP 90575, 90648) that appear to have the distinctive pigment pattern

described for the type of the species by Hollard (1854).

Xanthichthys mento of the Pacific differs from the other two species in

having usually five pigmented grooves below the eye and in not having apical

spots on the body scales (see pigment description above).

Thus it appears that there are at least three disjunct populations of Xanth-

ichthys, which differ in pigmentation, and which we have recorded as three

distinct species. De Beaufort (1962, p. 309) remarked on the great gap in

known distribution of Xanthichthys between Mauritius (57°46'E.) in the west

and Nauru (165°56'E.) in the east. Yet we have seen a small specimen of

Xanthichthys, which we cannot specifically identify, in the uncataloged L'SNM

collections from the Andaman Sea— nearly in the middle of the hiatus previ-

ously thought to exist. Obviously, our current statements on ranges are imper-

fect, and our conclusions on taxonomy of this genus are tentative.
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Synonymy. Most citations give the year of publication of Jordan and

Gilbert's description of Batistes mento as 1881, and pages 225 and 241 (includ-

ing the description on page 228) have the date December 24, 1881, printed at

the bottom. However, Bulletin 193 of the U. S. National Museum, "A list and

index of the publications of the United States National Museum (1875-1946),"

gave the date of publication of this number as January 4, 1882.

The pigment characters by which we distinguish the three species of Xanth-

ichthys develop at about 80 to 140 mm. SL. Without a knowledge of location

of capture we cannot identify to species small specimens lacking the specific

pigment pattern. Three nominal species in this category predate X. mento:

Batistes aureolus Richardson (1844, p. 126, pi. 59, figs. 1-4) is a Xanthich-

thys and has frequently been cited as a synonym of X. ringens; however, this

is a small specimen of about 58 mm. SL (type in the British Museum of

Natural History, according to Giinther, 1870, p. 215), and the collection locality

is uncertain — Richardson stated, "Sir Edward Belcher did not note the locality

in which this fish was taken."

Batistes notatus Gronovius in Gray (1854, p. 36) is a Xanthichthys and has

been placed in synonymy of X. ringens by Jordan and Evermann (1898, p.

1709), who gave the locality of that nominal species as "both Indies." Wheeler

(1958, p. 245) listed the holotype of B. notatus (BMNH 1853.11.12.188),

133 mm., as a synonym of X. ringens, but did not record a type locality.

Batistes hecketi von Miiller (1864, p. 182) from "Mexico" has been placed

in the synonymy of the Atlantic A', ringens (see Jordan and Evermann, 1898,

p. 1709), but we have not determined if von MUller's specimen came from the

Atlantic or the Pacific coast of Mexico.

Canthidermis maculatus (Bloch).

Ocean Triggerfish, Ocean Turbot, Rough Triggerfish.

(Figures 14, 15, 16.)

Balistes maculatus Bloch, 1786, vol. 2, p. 25, pi. CLI (type locality, "in den amerikanischen

Gewassern").

Balistes americanus Gmelin, 1788, p. 1473 (type locality "in Oceano americano," holotype

BMNH 1853.11.12.193, 32 mm. SL, according to Wheeler 1958, p. 245).

Balistes macropterus Walbaum, 1792, p. 465 (type locality, "in oceano Americano").

Balistes rotundatus Proce, 1822, p. 130 (type locality, "la bale de Manille").

Balistes angulosus Quoy and Gaeviard, 1824, p. 210 (type locality, Sandwich (= Hawaiian)

Islands; holotype MNHN B. 1921, 83 mm., 3 paratypes from Hawaiian Islands, New
Guinea, and an unknown locality, according to Le Danois 1961, p. 518).

Balistes azureus Lesson, 1830, p. 121, pi. 10, fig. 2 (type locality New Guinea; holotype

MNHN B. 1809, ISO mm.; one paratype from Bora-Bora, Society Islands, according to

Le Danois 1961, p. 518).

Balistes ocnlatus Gray, 1831, vol. 1, pi. 90, fig. 1 (type locality, India; date of publication

according to Sawyer, 1953, p. 51).

Balistes willughbeii Lay and Bennett, 1839, p. 68, pi. XXI, fig. 2 (type locaHty, Acapulco,
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Figure 14. Canthidermis macidatns, 32 mm. SL, 10 miles S. of Morro Puercas, Panama,

UCLA W49-466.

Mexico; counts of softrays low, D. 20, A. 17, but the figure obviously = C. maculatus).

Batistes adspersus Tschudi, 1845, p. 31 (type locality, Huacho, Peru).

Balistes senticosus Richardson, 1848, p. 2i, pi. 9, figs. 5-8 (type locality, Seas of China;

holotype in BMNH according to Giinther, 1870, p. 215).

Balistes brevissimus Hollard, 1854, p. 56, pi. Ill, fig. 1 (type localities, "Nouvelle-Guinee et

I'Australie")

.

Balistes longissimus Hollard, 1854, p. 60, pi. Ill, fig. 3 (type locality, Vanikoro, Santa Cruz

Islands, Society Islands; holotype MNHN B. 1806, 412 mm., according to Le Danois,

1961, p. 519).

Balistes rufus Gronovius in Gray, 1854, p. 36 (type locality, "in Oceano americano," holo-

type BMNH 1853.11.12.193, 32 mm. SL, according to Wheeler, 1958, p. 245).

Balistes longus Gronovitjs in Gray, 1854, p. 37 (according to Giinther, 1870, p. 214).

Balistes urn Thiolliere, 1857, p. 217 (type locality, Woodlark Island; according to Fowler,

1928, p. 449).

Balistes munumum Thiolliere, 1857, p. 217 (type locaUty, Woodlark Island; according to

Fowler, 1928, p. 449).

Balistes melanopterus Cope, 1871, p. 478 (type locaUty, Darien).

Canthidermis viola Herre, 1926, p. 534, pi. 1 (type locahty, Manukan, Cagayan Islands,

Sulu Sea)

.

Canthidermis longirostris Tortonese, 1954. p. 77, fig. 1 (type locality, "Mar Rosso"; holo-

type no. 20162 in Dahlak. Mus. Civ. Zoologia, Roma).

Body elongate, becoming more so with increase in size; caudal peduncle

compressed; head profile slightly to moderately convex.

Scales covering entire body. No pronounced grooves between scale rows on

head or body. Elevations on scales forming slightly irregular ridges on head

and body at smaller sizes, these becoming less pronounced and tending to dis-

appear at about 175 mm. SL. No enlarged scales behind gill opening. Incasing

scales of pelvis fixed and immovable. Preorbital groove moderately deep and

pronounced. Teeth with strong cusps at all sizes, except the two medial teeth

of upper jaw tending to lose cusps at about 400 mm.

D. Ill, 23-25; A. 20-23; Pi 13-15 (table 1). Third spine of dorsal fin
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Figure IS. Canthidermis maculatus, 161 mm. SL, ISO miles SW. of Acapulco, Mexico,

SIO 62-168.

becoming relatively small in larger fish (above about 150 mm. SL) ; second

spine also reduced in very large specimens. Soft dorsal and anal fins becoming

falcate in specimens larger than about 110 mm. SL, usually with fourth or fifth

dorsal and third or fourth anal rays the longest. Caudal fin rounded at small

sizes, becoming biconcave at about 100-150 mm. SL, and the median lobe

almost disappearing and the dorsal and ventral lobes pronounced at about 400

mm. SL. Scale rows 36-41 (3 specimens). Gillrakers 24-32 (13 specimens,

45-242 mm.) and about 39 at 482 mm. Vertebrae 7 + 11 (2 specimens).

Pigmentation. Larger juveniles and adults (figs. 15 and 16): Body and

head brown, lighter on ventral surfaces, with a number of horizontally elongate

spots all over, spots continuing onto dorsal and anal fins and frequently onto

caudal fin ; the spots less pronounced or missing from some preserved specimens

larger than 400 mm. SL (the fins dark brown on these large specimens). Smaller

juveniles (fig. 14): Usually with a number of white spots over the body, and

a dark first dorsal fin; specimens varying in amount of spotting on soft dorsal

and anal fins, and in intensity of dark pigmentation on head and body.

Range. This world-wide species is found inshore in tropical waters, but

records indicate that it also inhabits the surface waters of the open ocean with-

out apparent association with land. In the eastern Pacific, it has been recorded

from Huacho, Peru (Tschudi, 1845, p. 31, as B. adspersus), and we have exam-

ined specimens from most of the offshore islands and from Colombia to off

central Mexico (fig. 19). It was recorded from numerous Indo-Pacific localities

by de Beaufort (1962, p. 311, as C. rotundatus)

.

Relationships. We believe that this oceanic species has a continuous dis-

tribution from the eastern Pacific westward to the western Atlantic. We can



Vol. XXXIV] BERRY AND BALDWIN: EASTERN PACIFIC TRIGGERFISHES 463

Figure 16. Canthidermis niaculatiis, 482 mm. SL, Clipperton Island, UCLA WS6-236.

find no significant differences in large series of specimens from both sides of

the American continents. Specimens from various Indo-West-Pacific localities

are similar to the American specimens in all respects noted. We are aware of

only one other species of Canthidermis, C. sujjlamen (Mitchill) (= C. sobaco

Poey) of the western Atlantic. This second species has higher numbers of

dorsal softrays (25-28) and anal softrays (23-25) — Donald Moore, personal

communication.

Synonymy. The synonymy of this species has been confused because iden-

tifications and names based on small specimens (as ^^rotundatus" Proce and

"oculatus'' Gray) have not been recognized as conspecific with larger, more

elongate specimens (as ''maculatus^^ Bloch, ''willughbeii^'' Lay and Bennett, and

"longirostris^' Tortonese). As the body length increases, there is a proportionate

decrease in head length, eye diameter, body depth, and first dorsal spine length,

and a proportionate increase in the lengths of the lobes of the dorsal and anal

fins. These relations can be visualized in table 2. This species has usually been

identified as ''macidaHis" in the Atlantic, as "rotundatus^^ in the Indo-West-

Pacific, and as ''adspersus,'' ^'rotundatus" ^^angulosus/^ or ^^maculatus^^ in the

eastern Pacific.

Specimens Examined

Collection numbers (and pertinent data for uncataloged specimens) from

eastern Pacific localities only are listed. Most of these specimens are plotted

in figures 17, 18, and 19.

Batistes polylepis (fig. 17). UCLA W49-53, W49-55, W50-24, WSO-34,
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W50-43, W50-188, W51-16, W52-40, W52-45, W53-357, W53-370, W54-366,

WS5-96, W55-97, WS5-122, W55-139, W5S-160, W56-111, W56-115, W56-137,

W56-276, W56-376, W58-37, WS8-46, WS8-71, W58-132, W59-13, W60-15,

W60-26, W60-97, W60-106. SIO H49-178, H50-79, H50-105, H53-178, 59-

281, 60-294, 60-311, 60-355, 60-356, 60-511, 62-18, 62-54, 62-59, 62-65, 62-

214, 62-236, 62-703, 62-715, 63-482, 64-63, 64-805, 64-814. LACM W51-108,

W59-200, W60-38. ANSP 88972, 88973. CAS 5365, IU13431a, W58-48. SU

6878, 16639, 48174. USNM 165496. BLLJ uncataloged, D5011, 23°00.5'N.,

109°34'W., 30 September 1952, stomach contents of Coryphaena; S5708,

111G14; Mexico, Magdalena Bay, 28 September 1952; 14°28'N., 92°58'W.,

6 February 1962, FB62-186; Ceralbo Island, 29 July 1962, FB62-292; Mexico,

Cedros Island, 2 November 1961; D-20, 157.20; 25°37'N., 110°37'W., 17 Sep-

tember 1956; Mexico, 12 miles W. of Magdalena Bay, 18 October 1956; S5708,

153.16; S5708, 99G40; TO-5801-141; S5708, 104G00. BLSD uncataloged,

06°30'N., 82°23'W., 26 April 1963; 09°45'N., 83°37'W., 8 May 1963; 17°

22'N., 101°28'W., 16 March 1963.

Pseudobalistes naujragium (fig. 17). UCLA W51-3, W51-43, W51-58, W55-

91, W56-114, W56-11S, W58-5, W62-63. SIO 62-63. ANSP 77873. BC 59-674.

CAS IU13432a. MCZ uncataloged, Panama, Pt. Partilla, 29 April 1962. SU

1656, 6877, 9305. USNM 53485, 65434. BLLJ uncataloged, Mexico, Banderas

Bay, 19 August 1961; B6108-31, Mexico, Banderas Bay, 18-19 August 1961.

Sufjlamen verves (fig. 18). UCLA W51-43, W51-54, W51-243, W51-252,

W51-273, W52-263, W53-126, W53-157, W53-168, W53-293, W53-370, W55-

118, W55-161, W56-161, W56-234, W56-235, W56-236, W58-11, W58-37,

W58-202, W58-222, W58-287, W58-378, W59-248, W60-139, W60-148, W60-

151, W60-176, W61-34. SIO H49-75, H51-61, 58-210, 59-219, 61-237, 61-243,

61-249, 61-250, 61-252, 61-279, 62-20, 62-25, 62-55, 62-58, 62-63, 62-341, 62-

726. AHF 2350, 77-61. ANSP 100279. BC 60-464. CAS 6036, 6037, W54-225.

MCZ 11872, 36523, 36524. SU 6805, 6905. USNM 47469, 73156. BLLJ un-

cataloged, B6212-3; Costa Rica, 5 miles SE. of Cabo Blanco, 12 March 1959;

Costa Rica, off Cape Velas, September 1959, FB62-253; 11°34.4'N., 87°00'W.,

FB62-254; Mexico, Cleopha Island, 21-22 August 1961.

MeUchthys niger (fig. 18). UCLA W51-266, W53-52, W53-126, W55-

52, W55-163, W56-236, W58-378. SIO 59-334, 62-341. ANSP 86278, 89117.

BC 54-402, 56-239, 56-361, 56-364, 57-143. CAS 919, 6035. SU 10879, 12338,

12581, 12582. USNM 5988 (locality unknown).

Xanthichthys mento (fig. 19). UCLA W51-92, W51-156, W51-274, W52-

81, W52-82, W52-141, W55-123, W55-136, W55-150, W58-281. SIO H49-51,

H53-173, 57-72, 57-138, 58-54, 58-139. CAS 1974, 1976, 1977, W53-44, W53-

47, W55-127. MCZ 27911, 29374, 29627. SU 6366. USNM 47128, 47129,

47130, 65700. BLLJ uncataloged, H5612, 157.60.

Canthidermis maculatus (fig. 19). UCLA W49-466, W5 1-266, W53-207,
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100

Figure 17. Balistes polylepis and Pseudobalistes nanjraghim — distribution in the east-

ern Pacific. Solid symbols represent specimens examined; open symbols represent literature

reports. The northernmost record for B. polylepis is not shown (41°50'X., 124°22'W.).



466 CALIFORNIA ACADEMY OF SCIENCES [Proc. 4th Ser.

/ ( o \



Vol. XXXIV] BERRY AND BALDWIN: EASTERN PACIFIC TRIGGERFISHES 467

y^"^



468 CALIFORNIA ACADEMY OF SCIENCES [Proc. 4th Ser.

W53-299, W53-409,, W54-301, WS4-302, W54-310,, WS5-326, W56-12, W56-
129, W56-236, W56-330, W57-88, WS8-64, W58-213, W58-223, W60-26, W60-
132, W60-185, W60-194. SIO H49-75, H52-388, 52-430, 55-227, 55-243,

55-245, 55-247, 57-75, 58-150, 58-153, 58-368, 58-370, 58-375, 58-442, 62-168.

BC 56-364. SU 46409. BLLJ uncataloged, Socorro Island, 2 August 1962,

FB62-294; 13°29'N., 9r30'W., 2 October 1956; 01°06.2'N., 91°30.7'W.

Synopsis

Batistes potytepis is the most abundant and wide-ranging triggerfish in

inshore continental waters of the eastern Pacific. Sujjtamen verres is probably

the next most abundant eastern Pacific balistid, and is more ubiquitous, appar-

ently equally successful as a continental or insular inhabitant. Pseudobalistes

naujragium is a relatively rare species in tropical continental waters. Melich-

thys niger is primarily an inhabitant of oceanic islands, and may be locally

abundant in that environment. Canthidermis maculatus is primarily a surface

oceanic species that occasionally occurs in inshore waters; it is the most wide-

ranging and probably the most abundant, though dispersed, triggerfish in the

eastern Pacific. The distribution of Xanthichthys mento in the eastern Pacific

is not entirely clear; it is often associated with the oceanic islands, and may
have an antitropical distribution.

The relationships of the eastern Pacific Balistidae are predominantly with

the central and western Pacific Balistidae. With one possible exception in this

family, the geminate relationship of species pairs in the eastern Pacific and the

western Atlantic, common in many other families of fishes (Jordan, 1908) is

lacking. Batistes potytepis, obviously related to the Atlantic B. capriscus, is

more closely related to specimens we have seen from Hawaii. Of the other

five species, Pseudobatistes naujragium and Sujjtamen verres are related to

species from the central and western Pacific and Indian Oceans which have

no representatives in the Atlantic; Xanthichthys mento extends across the

Pacific and forms a complex with two other species of the Indian and Atlantic

Oceans; and Metichthys niger and Canthidermis maculatus are world-wide or

pantropic species. Two species that occur in the western Atlantic, Batistes

vetuta and Canthidermis sujjtamen, have no counterparts in the eastern Pacific.

A similar zoogeographic arrangement between eastern Pacific and western

Atlantic species exists for the filefish family Monacanthidae, according to data

of Berry and Vogele (1961) and Randall (1964). There are four species of this

family in the eastern Pacific and 10 species in the western Atlantic. Atutera

scripta (Osbeck) and Atutera monoceros (Linnaeus) have world-wide distribu-

tion. Cantherhines dumeriti (Hollard) ranges from the eastern Pacific to the

western Indian Ocean and is related to Cantherhines macrocerus (Hollard) of

the western Atlantic, but no representative of this species complex is known

from the eastern Atlantic. Cantherhines tiki Randall, an eastern Pacific en-
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demic, is related to Cantherhines verecundus Jordan from Hawaii and to Can-

therhines jronticinctus (Giinther) from the western Pacific to the Indian Ocean,

but has no Atlantic representative. One species in the western and eastern

Atlantic, Cantherhines pnllus (Ranzani), is related to Cantherhines pardalis

(Riippell) from Indian Ocean to French Oceania and to Cantherhines sand-

wichiensis (Quoy and Gaimard) from the Central Pacific, but no representative

exists in the eastern Pacific. The remaining six species are endemic to the

Atlantic Ocean, and although at least three are closely related to other Indo-

Pacific species, none of these is represented in the eastern Pacific— Alutera

schoepjii (Walbaum), Alutera heudelotii Hollard, Monacanthus tuckeri Bean,

Monacanthus ciliatus (Mitchill), Stephanolepis hispidus (Linnaeus), and Steph-

anolepis setifer (Bennett). There are no geminate species relationships between

the eastern Pacific and the western Atlantic in this family.

Four species of the two families have a world-wide or circumtropical distri-

bution. Of the remaining species, six are eastern Pacific and 12 are western

Atlantic. Four of these 18 exist as complexes of two species each with nearly

world-wide distribution. In the eastern Pacific, three species are not represented

by closely related forms in the western Atlantic, and nine western Atlantic spe-

cies have no close relatives in the eastern Pacific. Only two species (B. polylepis

and B. capriscus) may have a strict amphi-American relationship, but current

uncertainties restrict this evaluation.

In the Balistidae and the Monacanthidae, phylogenetic affinities of eastern

Pacific species are closer to the Indo-West-Pacific than to the western Atlantic,

and the species composition of the eastern Pacific is relatively depauperate with

respect to that of the western Atlantic.
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THE BLOW FLIES OF THE GALAPAGOS ISLANDS
(DIPTERA: CALLIPHORIDAE)*

By

Maurice T. James
Washington State University, Pullman, Wash.

The blow fly fauna of the Galapagos Islands, hke that of Hawaii, consists

of an interesting endemic element plus a commonplace introduced one. The

latter, so far as known, consists of but a single species, the widespread secondary

screw worm, Cochliomyia macellaria (Fabricius). Three known species, one of

which is herein described as new, comprise the endemic element. Though all of

luciliine stock, these endemic species are more heterogenous than the Hawaiian

complex and may represent more than one introduction into the archipelago.

My decision to refer them to the genus Phoenicia was made only after considera-

ble deliberation and partly on the basis of quantitative studies, the results of

which will be published elsewhere. According to the Townsend system of re-

stricted genera, three monotypic genera would have to be recognized. I believe,

however, that this is not in the interest of sound systematics. The species herein

described as new can be referred to Viridinsula, as a subgenus, but only by some

extension of the present concept of that taxon; in some respects it shows sig-

nificant structural similarities to the Alaskan Francilia and the Hawaiian

Dyscritomyia and may represent an offshoot of the stem that gave rise to the

Hawaiian fauna, possibly through a Francilia-\\ke ancestor.

This study was based on material taken on the Galapagos International

Scientific Project of 1964 and on a much older collection housed in the United

States National Museum; the latter is identified by the designation "USNM."
Quantitative studies which aided in the formation of judgment values were done

by Jon Shepard as part of a broader project financed by National Science Foun-

dation grant no. B-1440.

* Scientific Paper 2 740, College of Agriculture, Washington State University. Work was conducted under
Project 9043.
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Subfamily Chrysomyinae

Cochliomyia macellaiia (Fabricius).

Musca macellaria Fabricius, 1775, p. 776.

Musca phaiida Walker, 1849, p. 896.

Lucilia quadrisignata Thomson, 1869, p. 544.

This species was first recorded from the Galapagos Islands by Walker ( 1849)

on the basis of a male collected by Charles Darwin, and later by Thomson

(1869), also on the basis of a male; neither author designated the island from

which the respective types came. Coquillett (1901) recorded the species, as

Chrysomyia quadrisignata (Thomson), from Albemarle (Isabela) and Charles

(Santa Maria) islands, and Johnson (1924) gave the proper synonymy and

recorded it from Indefatigable (Santa Cruz) Island. Curran (1932, 1934), in

addition to recording it again from Charles Island, added Barrington (Santa Fe),

Hood (Espanola), and Chatham (San Cristobal) islands.

The California Academy of Sciences material contains a long series (more

than a hundred) of males and females from the Darwin Research Laboratory,

Academy Bay, Santa Cruz Island, January 26, 1964, R. O. Schuster; 1 $ , Bella

Vista Trail, Santa Cruz Island, February 11, 1964, D. Q. Cavagnaro; A$ $,

Grassland, 750 meters, Santa Cruz Island, April 6, 1964, D. Q. Cavagnaro; and

1 9 , upper Caldera areas, Pinzon Island, February 7, 1964, D. Q. Cavagnaro.

Subfamily Calliphorinae

Shannon (1926) proposed the name Viridinsula as a subgenus of Lucilia,

with Musca pionia Walker as the type and sole included species. Curran (1934)

accepted this taxon as a genus, but Aubertin (1934) did not give it even sub-

generic status. As a geographical segregate that has deviated in significant ways

from the supposed parental stock, it deserves recognition as a taxonomic entity,

but because of difficulties in defining it clearly, the subgeneric designation is

preferable to the generic.

The following key will separate the Galapagos Islands species of Phaenicia

and, incidentally, the known species of Viridinsula.

1. Head distinctly extended downward and forward (fig. 1); body shining, mesonotum
and abdomen bright metalHc green to coppery, the pollen evident only under magnifi-

cation P. {V .) pionia

Head extended forward but not strongly downward (fig. 6) ; mesonotum and abdomen
distinctly dulled by pale pollen, clearly visible even without magnification 2

2. Mesonotum and abdomen bright shining green, overlaid extensively by a dense whitish

pollen ; frons of male about one-sixth head width ; hindmost preintraalar at least al-

most as well developed as the other two P. {V .) setosa

Mesonotum and abdomen dull blackish or greenish black, with a moderately dense

whitish pollen; frons of male one-fifth to one-fourth head width; hindmost pre-

intraalar very weak or absent P. (V.) deceptor
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Phaenicia (Viridinsula) pionia (Walker), new combination.

Musca pionia Walker, 1849, p. 880.

Lucilia (Viridinsula) pionia (Walker), Shannon, 1926, p. 131.

This species was described from a male collected by Charles Darwin.

Aubertin (1934) briefly redescribed the type and illustrated a lateral view of

the head; she remarked that at that time the abdomen was missing. The type,

when I examined it in September, 1964, was still in good condition except for

the missing abdomen and middle and hind legs on one side. There is no indica-

tion either on the label or in the description as to which island the type came

from. Curran (1932) recorded the species from Floreana (Santa Maria) Island;

later (1934) he stated that the preceding record was based on a misidentifica-

tion, but gave as new records Charles (Santa Maria) and Indefatigable (Santa

Cruz) islands.

The following head measurements of the type are in micrometer units (60 =

1 mm.) : head width, 148; frons at narrowest, 20; frontal stripe at narrowest, 10;

width of vertex, 26; eye height, 100; head height, 136; parafacial at narrowest,

14, at lunule, 18, at anterior tentorial pit, 20; distance between vibrissae, 28;

vibrissa to oral margin, 8, to nearest part of eye, 40. Length third antennal seg-

ment, 46; apex third antennal segment to vibrissa, 3. The frontal stripe is

parallel-sided for most of its length but widens a little at the lunule. The antenna

is longer and more closely approaches the vibrissal level than Aubertin's drawing

would indicate; otherwise that illustration seems quite accurate. The palpi are

yellow, as Aubertin describes them, contrary to the statement of Walker that

they are black.

The male genitalia illustrated in figures 2 and 3 are drawn from the Tower

Island specimen. This male corresponds well with Walker's description, with

allowance for correction in the color of the palpi, and the measurements, both

actually and relatively, are essentially those of the type, except that the vibrissae

are a little farther apart (35 micrometer units).

The color of the abdomen and to a lesser extent the thorax varies. The

mesonotum of the Santa Cruz Island male is largely coppery; the females show

indications of a black presutural vitta between each acrostichal and dorsocentral

row; the second and third terga are distinctly margined with black in both sexes.

The frons of the female at its narrowest is a little less than one-third the head

width; comparative measurements of the head width and frons for three females,

in micrometer units, are 168, 52; 138, 43; and 140, 45.

I have examined, in addition to the type, the female recorded by Curran

from Indefatigable (Santa Cruz) Island; also 1 c5 , Santa Cruz Island, Horne-

man Farm, 220 meters, March 25, 1964, D. Q. Cavagnaro; also IS, 29 9 ,

Genovesa (Tower) Island, June 23, 1899 (USNM).
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Figure 1. Phaenicia pionia (Walker), head, side view.

Figure 2. Same, male forceps, dorsal view.

Figure 3. Same, aedeagus.

Figure 4. Phaenicia deceptor (Curran), male genitalia, side view.

Figure S. Same, male forceps, dorsal view.

Figure 6. Phaenicia setosa, new species, head, side view.

Figure 7. Same, male forceps, dorsal view.

Figure 8. Same, male genitalia, side view.

All setulae and bristles, except those around the periphery of the head, are omitted for

purposes of simplification.
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Phaenicia (Viridinsula) deceptor (Curran), new combination.

Viridinsida deceptor Curran, 1934, p. 166.

Curran's description is, for the most part, adequate. The pile of the para-

frontals, particularly on the upper part, is much more conspicuous than in the

other two species of Viridinsula. The hindmost preintraalar may be feebly de-

veloped; Curran says that it is absent. Some variation exists in the width of

the male frons; it is wider in the Hood (Espafiola) than in the Narborough

(Fernandina) Island specimens, but this does not seem to justify even sub-

specific separation, since there appear to be no other significant differences.

Comparative ratios are 0.21 for the Narborough male, 0.24 to 0.25 for the Hood

(Espafiola) males, and 0.24 for the holotype, from North Seymour (Baltra)

Island.

The male genitaha (figs. 4, 5) are distinctive, and the fifth sternite is deeply

incised and drawn out into elongated, hairy and bristly lobes, quite unlike the

broad triangular plates of the other two species.

Curran's type series came from North Seymour (Baltra) (holotype),

Albem.arle (Isabela), Hood (Espafiola), and Floreana (Santa Maria) islands.

He also obtained it from Cocos Island which is not in the Galapagos group.

I have examined 1 2 , 2 6 5, Espafiola Island, Punta Suarez, February

2, 1964, E. G. Linsley; 7 6 6 , 19, Hood (Espafiola) Island, May 18, 1899

(USNM); 2 9 2, Albemarle (Isabela) Island, January 16, 1899 (USNM); and

2> $ 6,39 9 , Narborough (Fernandina) Island, January 13, 1899 (USNM).

Phaenicia (Viridinsula) setosa James, new species.

Male. Head elongated, black in ground color, at most reddish brown im-

mediately below the eye and on oral margin, overlaid with dense whitish pollen

which all but obscures the ground color, the pollen somewhat less dense on the

occiput except for the orbits; frontal stripe brownish black, becoming reddish

brown at lunule. Frontal stripe parallel-sided, about half width of frons; frons

0.16 to 0.17 head width. Reclinate frontoorbitals, ocellars and inner verticals

strong and long; outer verticals 1.5 to 2 times as long as occipital fringe but

weak; five or six strong frontals and several weaker ones; a row of fine setulae on

each parafrontal; parafacials bare. Setae of head black except on posterior part

of gena and lower part of occiput. Antennae black, apical part of second seg-

ment reddish ; setulae of first and second segments black ; arista black at base,

otherwise yellowish red; rays above all long except at base. Proboscis long and

slender; haustellum approximately parallel-sided, measured to apex of sclerotized

portion about 4.5 as long as wide, shining black; labella small. Head measure-

ments in micrometer units (60 = 1 mm.): head width, 135; width of frons, 22,

of frontal stripe, 10; width of vertex, 28; eye height, 85; head height, 122;
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distance between vibrissae, 30; vibrissa to oral margin, 6; vibrissa to nearest

part of eye, 40; minimum width of parafacial, 16.

Thorax bright green dorsally, with bluish reflections, particularly on anterior

part of postsutural area medially, on a presutural spot outside each dorsocentral

row, and laterally; thorax mostly covered with dense whitish pollen. Propleura

with fine yellow pile. Setulae and bristles of thorax black; setulae semierect;

acrostichals 2:2; dorsocentrals 3:3; intraalars 3:2, the anterior postsutural lack-

ing, the hind presutural strong; posthumeral present and strong, an additional

strong bristle between the posthumeral and the middle preintraalar occurring

irregularly on one side of the mesonotum in the holotype; three humerals, some-

times a weak fourth ; one or more accessory stigmatals and propleurals ; a group

of bristle-like erect setulae in position of and replacing the pteropleural. Three

strong marginals, 1 strong apical, and 2 moderately strong discoscutellars. Legs

black, hind ones sometimes pitchy. Wings hyaline; basal sclerites black; basal

part of costa yellow, other veins at base brownish, veins becoming brownish

black beyond bases; R4^5 setulose more than half way to r-m. Squamae white,

sometimes tinged with yellow.

Abdomen metallic green; first tergum black except for large triangular pol-

linose patches laterally on ventral surface; broad apices of apparent second and

third terga and a narrow median vitta on each, black; green areas heavily

dusted with somewhat tesselated whitish pollen, but the metallic sheen showing

through; setulae of abdomen long and mostly semierect, some setulae becoming

indistinguishable from bristles; second tergum with a well-defined median

marginal pair and sometimes accessory bristles; third with a strong marginal

row and one or more discals or strong setae that resemble discals ; fourth tergum

well set with discals in about three rows, indistinguishable in form from the

marginals.

Genitalia as in figures 7 and 8. First hypopygial tergum black, shining;

second black, dulled with pollen; inner forceps brownish, slender, acute from

dorsal view; outer forceps yellowish brown, broadly rounded apically. Hairs of

genitalic terga and of claspers long, abundant, black.

Length, 5-7.5 mm., of holotype 6 mm.

Female. Frontal stripe usually wholly black in well colored specimens, some-

times partly brownish black ; vertex about one-third head width, frons widening

gradually to 0.42 head width at antennal bases; frontal stripe broadest at ocellar

triangle, narrowing to lunule. Measurements of allotype in micrometer units:

head width, 158; vertex, width, 54; width of frons at anterior ocellus, 52, at

antennal bases, 70; frontal stripe at anterior ocellus, 32, at antennal bases, 25.

Outer verticals almost as long and strong as inner verticals; 2 strong proclinate

frontoorbitals, subequal in length and strength or the anterior one the stronger.

Abdomen more robust than in male; last tergite (of "ovipositor") black, shining,
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with erect black setulae and 2 pairs of slender bristles; first tergum of "ovi-

positor" brownish black, subshining but dull apically, with a marginal row of

bristles. Otherwise, except sexually, as described for the male.

Length, 5-8.5 mm.

Types. Holotype, male, Darwin Island. January 29, 1964, D. Q. Cavagnaro;

California Academy of Sciences type no. 9080. Allotype, female, same data.

Paratypes, 32 males, 22 females, same data; 1 male, 1 female. Wolf Island,

January-February, 1964, D. Q. Cavagnaro; 2 males, Culpepper (Darwin)

Island, December 10, 1899 (USNM).
The United States National Museum paratypes were examined by Townsend

and bear his identification label "Dyscritomyia fasciata Or. vel sp. aff." The

median dorsal bristles of the third tergum suggest Dyscritomyia, but they are

not strongly differentiated, as in that genus; rather they grade into the erect

setae of varying strength on that segment. This is even more the case on the

fourth tergum where bristles, merging into setae laterally and ventrally, are set

over the entire dorsal area. In this respect the resemblance is closer to Francilia

than to Dyscritomyia. Unlike both Francilia and Dyscritomyia, and like other

groups of Phaenicia, the hindmost preintraalar is present and strong.
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Flies of the family Otitidae have been reported from the Galapagos Islands

in 4 papers: Coquillett, 1901 (110 specimens)
;
Johnson, 1924 (60 specimens)

;

Curran, 1932 (5 specimens): Curran, 1934 (2 specimens). The species recorded

therein are as follows

:

Acrosticta scrobiculata Loew. Santa Maria, 5—Curran, 1932, p. 354.

Euxesta galapagensis Curran. Espafiola, 1—Curran, 1934, p. 156.

Euxesta nitidiventris Loew. Isabela and Santa Maria, 13—Coquillett, 1901,

p. 376; Santa Cruz, 1—Curran, 1934, p. 156.

Euxesta notata (Wiedemann). Santa Maria, 1—Coquillett, 1901, p. 376.

Pareuxesta hyalinata Coquillett. Isabela, 2—Coquillett, 1901, p. 377.

Pareuxesta intermedia Coquillett. Isabela, 3—Coquillett, 1901, p. 377.

Pareuxesta latijasciata Coquillett. Genovesa, 70—Coquillett, 1901, p. 376:

Genovesa, 53—Johnson, 1924, p. 89.

Pareuxesta obscura Coquillett. Isabela, 21—Coquillett, 1901, p. 377; Daphne

Major, 7—Johnson, 1924, p. 90.

The species recorded by Curran as Acrosticta scrobicidata has proven to be

the very widespread and closely related Acrosticta apicalis (Williston), (see

below). The records for Euxesta nitidiventris Loew by Coquillett prove ac-

tually to refer to two of the species described below, but the specimen re-

corded from Santa Cruz by Curran has not been seen. It has not been possible

to find the specimen referred by Coquillett to Euxesta notata (Wiedemann),

but since no other specimen of the species has been taken, and especially since

other species of superficially similar appearance do occur, the record must be

1 Contribution no. 42 from the Charles Darwin Foundation.
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considered very doubtful. I have been able to examine the types and some

additional material of all of the species of Parcuxesta.

The material collected by members of the 1964 Galapagos International

Scientific Project comprises 109 specimens of Otitidae. This material has

been worked up, and the present status of the family in the Galapagos may be

summarized as follows:

Santa Isa- Santa Geno- p- ,„ •„ tir„i, Fernan- p. >,.-_;. Daphne
Maria beta Cruz vesa ^""°" ^"^f dina

^spanola ^^-^^

Acrosticta apicalis (Williston) X

Euxesta callona, new species X

Euxesta cavagnaroi, new species X

Euxesta galapagensis Curran X X X X X

Euxesta nesiotis, new species X

Euxesta notata (Wiedemann) X

Euxesta phoeba, new species X

Euxesta schusten, new species XXX
Euxesta spodia, new species X

Pareuxesta academica, new species X X

Pareuxesta hyalinata Coquillett X

Pareuxesta intermedia Coquillett X

Pareuxesta latifasciata Coquillett X

Pareuxesta obscura Coquillett X X

Pareuxesta xanthomera, new species X

It may be noted from the table that most of the species are recorded from

but one island. Euxesta galapagensis Curran has been found on five islands,

E. schusteri, new species, on three islands, and Pareuxesta academica, new species,

on two islands. However, seven species are known from Isla Santa Cruz and more

than one species from most of the other listed islands, although not one has

been collected on several islands of the group. In view of this and the fact

that the several expeditions have all gathered different species, it would seem

quite evident that knowledge of the Otitidae of the Galapagos is still far from

definitive and that a number of additional species may be expected. All of the

species, except Acrosticta apicalis (Williston), are endemic, so far as is known,

and their relationships seem to be with species of the mainland of South

America; one of them, Euxesta spodia, new species, is very similar to Euxestina

juscipennis Curran, described from British Guiana.

Notes and Descriptions

Some of the characters used herein may be more precisely defined as follows.

The upper cheek, sometimes called lower orbit, is that part of the side of the

head below the eye and dorsad of the setae; it is bare, usually light in color, and

dull. The medifrontal setae are proclinate hairs, often stout, situated between
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the two parafrontal rows of bristles and hairs and disposed in two or more rows

converging anteriorly and becoming shorter laterally. The prescutellar acrostichal

bristles are alwaj^s at least slightly posteriad of the posterior dorsocentral

bristles; their position is expressed by the angle subtended by a line drawn

from the acrostichals to the nearest dorsocentral and a line connecting the two

posterior dorsocentrals.

The following abbreviation symbols are used: DQC (collector) D. Q. Cavag-

naro; ROS (collector) R. O. Schuster; USNM, United States National

Museum.

Since all of the material is from the Galapagos Islands, that fact is not further

stated in the locality citations. All material is deposited in the collection of the

CaUfornia Academy of Sciences, unless otherwise stated.

Key to Genera and Species of Otitidae Known from the

Galapagos Islands

1 (16). Anal vein in apical Vo turning apicad and becoming very faint, but continuing to

wing margin; 1st vein only occasionally with a few sporadic setae; prescutellar

acrostichals normally present.

2 (3). Front deeply wrinkled Genus ACROSTICTA Loew.

One species, .4. apicalis (Williston) : front with wavy cross-ridges; tarsus 1 wholly

black ; femur 1 yellowish.

3 (2). Front smooth .._. Genus EUXESTA Loew.

4 (5). Distance from posterior end of posterior crossvein along 5th vein to wing margin

as great as the length of posterior crossvein; Sth vein well developed less than

halfway from posterior crossvein to margin; entire costal margin with black seam

(fig. 3a) ; front, mesonotum, and dorsum of abdomen more or less shining; antenna

and interantennal space dull black; eye in life with purple median horizontal band

(fig. 3b) E. galapagensis Curran.

5 (4). Distance from posterior end of posterior crossvein along Sth vein to wing margin

not more than ^i; as great as the length of posterior crossvein; 5th vein well de-

veloped for at least % of distance from posterior crossvein to margin ; face without

dull black interantennal space; eye in hfe unicolorous.

6 (7). Entire body strongly pruinose; wing black, except brown base and whitish posterior

margin (fig. 4a) E. spodia, new species.

7 (6). At least dorsum of abdomen more or less shining; wing largely hyaline; with

apical spot (sometimes faint) extending posteriad into 1st posterior cell; costal cell

largely hyaline ; front reddish.

8 (11). Pterostigma distinctly darkened, brown to blackish, especially apically ; face,

especially in lower ^2, lightly pruinose, subshining.

9 (10). Femora and coxa 1 wholly yellowish E. callona, new species.

10 (9). At least femur 2 and femur 3 blackish; coxa 1 at least with broad blackish

lateral stripe E. nesiotis, new species.

11 (8). Pterostigma hyahne to yellowish; face below either distinctly pruinose or pohshed.

12 (13). Femora yellow to reddish; clypeus, lower ^,2 of face, front, scutellum, and dor-

sum of abdomen pohshed; humeral cell of wing dark brown; apical wing spot

distinct E. schusteri, new species.
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13 (12). Femora black, reddish only apically; entire face and clypeus whitish pruinose;

humeral cell at most slightly darkened; apical wing spot diffuse.

14 (15). Front and dorsum of abdomen distinctly pruinose; wing 2.5 times as long as

wide (fig. 2) E. cavagnaroi, new species.

15 (14). Front and dorsum of abdomen shining; wing 2.85 times as long as wide (fig. 1)

E. phoeba, new species.

16 (1). Anal vein completely discontinued about halfway to wing margin; 1st vein with

well developed series of setae on upper side in apical 3rd; prescutellar acrostichals

present, except in Pareuxesta xanthomera Genus Pareuxesta Coquillett.

17 (18). Wing wholly yellowish hyaline; 9 penultimate preabdominal tergite blackish

P. hyalinata Coquillett.

18 (17). Wing with conspicuous blackish pattern.

19 (22). Antepenultimate wing band meeting basal Va of pterostigma and extending there-

from continuously to or a little beyond anal vein ; subbasal dark mark strong and

distinct (figs. 5a, 6) ;
penultimate abdominal tergite reddish or black; legs blackish.

20 (21). Apical dark section of 1st posterior cell nearly as long as preapical hyaline section;

angle between penultimate dark band and costal margin basad thereof 90° (fig. 5a) ;

2 with last 2 preabdominal tergites yellow P. latifasdata Coquillett.

21 (20). Apical dark section of 1st posterior cell much shorter than preapical hyaline sec-

tion; angle between penultimate dark band and costal margin basad thereof

distinctly more than 90° (fig. 6) ; $ penultimate preabdominal tergite blackish

P. intermedia Coquillett

22 (19). Antepenultimate wing band meeting much less than basal Vo of pterostigma, some-

times interrupted or failing to meet anal vein (figs. 7-9) ; subbasal dark mark

strong or weak ; $ penultimate preabdominal tergite blackish ; legs reddish to black.

23 (24). Femora, at least femur 1, yellow; penultimate wing band arcuate, forming angle

of more than 90° with costal margin basad thereof; antepenultimate band extend-

ing continuously from pterostigma through extension of anal cell to or nearly to

posterior margin of wing; subbasal dark mark strong, very oblique (fig. 9)

P. xanthomera, new species.

24 (23). Femora blackish; penultimate wing band straight or arcuate.

25 (26). Penultimate wing band straight, forming 90° angle with costal margin basad

thereof; antepenultimate band continuous to anal vein; subbasal dark mark strong

and distinct (fig. 7) P- obscura Coquillett.

26 (25). Penultimate band arcuate, forming angle of more than 90° with costal margin

basad thereof; antepenultimate band disjunct in discal cell, leaving more or less

isolated dark spot on 5th vein; subbasal dark mark faint and diffuse (fig. 8)

P. academica, new species.

Acrosticta apicalis (Williston).

Euxesta apicalis Williston, 1896. Trans. Ent. Soc. London, 1896, p. 375.

Curran (1932, p. 354) recorded this species from Isla Santa Maria as Acrostic-

ta scrobiculata Loew. Through the courtesy of Peter Wygodzinsky, I have been

able to examine a specimen from the Wollebaek Expedition in the American

Museum of Natural History and find that it may more properly be referred to

A. apicalis, which species was described from St. Vincent Island in the West

Indies and is now known to be tropicopolitan.
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Euxesta callona Steyskal, new species.

(Figure 11.)

Female. Length of wing 3.27 to 4.03 mm. (2 specimens).

Color metallic bluish to greenish with bronzy reflections, the following parts

yellowish to reddish: front (except ocellar triangle and vertical plates), para-

facial, cheek, antenna, palpus, trochanter, femur, halter, tibia and tarsus brown.

Mesonotum and scutellum very lightly whitish pruinose, nearly shining; pleura

and sternum, especially the latter, a little more pruinose; abdomen shining.

Front shining, except very narrow, white pruinose orbits. Face strongly white

pruinose above the tranverse depression, very lightly pruinose below.

Head with front parallel-sided, 0.34 of head width. Profile similar to that of

E. cavagnaroi (fig. 10a), but face with 120° angular transverse depression;

cheek % as wide as 3rd antennal segment; antenna extending to lower margin

of face, with 3rd segment 1.5 to 1.75 times as long as wide. Medifrontal setae

in four rows. Ocellar triangle as in figure 11.

Thorax uniformly subshining; acrostichal hairs in six rows; prescutellar acro-

stichals strong, about 30° behind line connecting posterior dorsocentrals. Femur 1

much as figured for E. cavagnaroi (fig. 10b). Wing with venation similar to

that of E. phoeba (fig. 1), but a little broader (2.65 times as long as wide) and

apical spot more distinct and brown, pterostigma distinctly brownish infuscate,

especially apically, and root of wing distinctly brownish infuscate, especially

apically, and root of wing distinctly brownish.

Abdomen wholly shining, tergite 3 twice as long as tergite 4, tergite 5 hidden.

Male. Similar to female. Length of wing 2.51 mm. Single available speci-

men obviously a "runt."

Types. Holotype ( 5 ), Isla Santa Cruz, Academy Bay, Darwin Research

Station, 13-11-1964 (DQC and ROS); allotype ( $ ), Isla Santa Cruz, Table

Mountain, 440 m., 16-IV-1964 (DQC); paratype (9), Isla Santa Cruz (In-

defatigable Island), 6-V-1932 (M. Willows, Jr.), Templeton Crocker Expedi-

tion 1932, determined by Curran as E. nitidiventris Loew.

This species, as shown in the key, is apparently most closely related to E.

nesiotis, new species.

Euxesta cavagnaroi Steyskal, new species.

(Figures 2, 10a, 10b.)

Female. Length of wing 2.99 to 3.58 mm. (average of eight specimens 3.29

mm.).

Color metalHc greenish black, the following parts yellowish to reddish: front

(except ocellar triangle and vertical plates), parafacial, upper cheek, basal seg-

ments and base and lower side of 3rd segment of antenna, palpus, apex of coxa,

trochanter, and tarsus. Entire body whitish pruinose, but not heavily, and

quite lightly on legs and dorsum of abdomen; pruinosity on front in form of
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Figures 1-4. Euxesta species. Euxesta phoeba, n. sp., 1, wing; E. cavagnaroi, n. sp., 2,

wing; E. galapagensis Curran, 3a, wing; 3b, profile of head of S, with ocellar triangle and

bristle sockets at higher magnification; 3c, S left fore femur; E. spodia, n. sp., 4a, wing;

4b, profile of head of $, with ocellar triangle and bristle sockets at higher magnification;

4c, $ left fore femur.
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distinct stripe anteriad of ocelli, pair of patches in anterior half, and rather

broad orbits.

Head with front parallel-sided, 0.31 of head width. Head in profile as in

figure 10a. ^Sledifrontal setae in six rows. Ocellar triangle longer than wide.

Thorax with mesonotum uniformly and moderately whitish pruinose; acro-

stichal hairs small, in six to eight rows; prescutellar acrostichals strong, about 15°

posteriad of line connecting posterior dorsocentrals. Femur 1 as in figure 10b.

Wing as in figure 2, apical spot light brown and often quite diffuse, pterostigma

light yellowish; substigmatal section of 1st vein often with one to three setae.

Abdomen dorsally wholly lightly pruinose, tergite 4 0.6 as long as tergite 3,

tergite 5 hidden.

jNIale. Similar to female. Wing length 2.68 to 3.76 mm. (average of 14

specimens 3.29 mm.).

Types. Holotype ( 2 ), allotype, and 20 paratypes {1 $ i , 13$ 9 ), Isla Wolf,

1_II_1964 (DQC). Three pairs of paratypes have been retained in United

States National Museum.

As shown in the key, E. cavagnaroi is seemingly most closely related to the

new species E. schusteri and E. phoeba.

Euxesta galapagensis Curran.

(Figures 3a, 3b, 3c.)

Euxesta galapagensis Currax, 1934. Proc. Calif. Acad. Sci., 4th ser., vol. 21, p. 156.

The only previously known specimen is the type without apical abdominal

segments taken on Isla Espafiola (Hood Island), October, 1905, and deposited

in the collection of the California Academy of Sciences. The present collection

includes the following specimens: 1$, Isla Fernandina, west side, 1100 feet,

5_II_1964 (DQC); U, Isla Wolf, 1-II-1964 (DQC); 2$ $, Isla Santa Cruz,

Academy Bay, Darwin Research Station, 26-1-1964 (ROS) and 9-II- 1964

(ROS and DQC); 3 9 5, Isla Pinzon, summit and caldera areas, 7-II-1964

(DQC). One specimen each from Santa Cruz and Pinzon have been retained

in the United States National Museum.

This very unique species, as shown by the characters cited in the foregoing

key, is not closely related to any known species of Euxesta. When the relation-

ships of the Ulidiini are better known, it may be entitled to generic or sub-

generic distinction. Additional characters are: acrostichal hairs in six rows;

prescutellar acrostichals about 10° posteriad of line connecting posterior

dorsocentrals; female abdominal segments wholly shining greenish black, tergite

4 somewhat less than half as long as tergite 3, tergite 5 hidden; face and clypeus

lightly whitish pruinose; eye in relaxed specimens olive green with purple

horizontal band as shown in figure 3b; wing as in figure 3a; femur 1 with

spinose ventral bristles, as shown in figure 3c.
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Euxesta nesiotis Steyskal, new species.

Female. Length of wing 2.61 to 3.44 mm. (average of 11 specimens 3.09

mm.).

Color metallic bluish to greenish, the following parts reddish: front (except

ocellar triangle and vertical plates), parafacial, upper cheek, antenna, palpus,

coxa 1 (except elongated blotch on outer base) and trochanters, knees, halter.

Base and apex of femur 2 and femur 3 and sometimes nearly all of femur 1 also

reddish; tibiae and tarsi brownish. Entire thorax lightly white pruinose,

especially below. Front shining; narrow frontal orbits and upper half of face

rather strongly pruinose; lower face lightly pruinose.

Head with front parallel-sided, 0.30 of head width. Head in profile similar

to that of E. galapagensis (fig. 3b), but cheek only 0.28 as high as eye and

antenna extending to oral margin. Third antennal segment elliptical, % longer

than wide. Medifrontal setae in four rows. Ocellar triangle as in E. callona (fig.

11).

Thorax with mesonotum metallic greenish, a little bronzy across middle;

acrostichal hairs small, in eight rows; prescutellar acrostichals strong, about 30°

posteriad of line connecting posterior dorsocentrals, but absent in smallest

specimen. Femur 1 as in E. cavagnaroi (fig. 10b), but ventral bristles in basal

half very short and hairlike. Wing very similar to that of E. callona, 2.61

times as long as wide.

Abdomen shining, tergite 4 a little more than % as long as tergite 3, tergite

5 hidden.

Male. Similar to female. Length of wing 3.04 to 3.45 mm. (average of five

specimens 3.26 mm.). Apical 2 preabdominal segments slightly shagreened and

purplish, contrasting with the shining greenish black basal segments.

Types. Holotype (9), allotype, and 14 paratypes (10? 2, A$ $), Isla

Pinzon, summit and upper caldera areas, 7-II-1964 (DQC). Two pairs of

parat3T3es retained in USNM.
As shown in the key, E. nesiotis is apparently most closely related to E. cal-

lona, new species.

Euxesta notata (Wiedemann).

Ortalis notata Wiedemann, 1830. Aussereuropaische Zweifliigelige Insekten, vol. 2, p. 462.

This species was described from the United States and is abundant there.

It is also definitely known from the Bahama Islands and Baja California. It has

not been possible to find the specimen that Coquillett referred to this species

(Coquillett, 1901, p. 376), but since at least five of the species herein recorded

bear a strong superficial resemblance to E. notata, and since no other specimens

have been taken, it must be very strongly doubted that E. notata occurs in the

Galapagos.
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Euxesta phoeba Steyskal, new species.

(Figure 1.)

Female. Length of wing 4.75 mm.
Color metallic bluish black, the following parts reddish: front, parafacial,

cheek, lateral extension of face, basal segments and lower side of 3rd segment

of antenna, tips of coxae, trochanters, and knees. Palpus blackish. Halter yel-

lowish. Greater part of thorax only very lightly white pruinose, most distinctly

so on sternum. Abdomen and front shining, narrow frontal orbits and entire

face strongly white pruinose.

Head with front parallel-sided, 0.35 of total head width. Profile of head

much like that of E. cavagnaroi (fig. 10a), but frontoorbital (2) and vertical

bristles somewhat longer, lateral extension of face nearly as wide as cheek, and

3rd antennal segment reniform, 1.5 times as long as wide. Medifrontal setae in

6 rows. Ocellar triangle as in Pareuxesta latijasciata (fig. 5b).

Thorax wholly blackish, subshining ; acrostichal hairs in eight rows
;
prescutel-

lar acrostichals strong, only slightly posteriad of dorsocentrals. Femur 1 with

seven posteroventral bristles as long as diameter of femur, two nearly complete

rows of anterodorsal bristles about % as long. Wing as in figure 1, 2.85 times as

long as wide, only marking consisting in faint apical spot.

Abdomen wholly shining; somewhat crumpled, but tergite 4 approximately

0.75 as long as tergite 3, tergite 5 hidden.

Type. Holotype ( 9 ), Isla Santa Cruz, Horneman Farm, 220 meters altitude

25-II-1964(DQC). This species, as shown in key, is apparently most closely

related to E. cavagnaroi, new species.

Euxesta schusteri Steyskal, new species.

(Figure 12.)

Female. Length of wing 2.90 to 313 mm. (average of five specimens 3.01

mm.).

Color metallic bluish to greenish black, the following parts yellowish to

reddish: front, parafacial, upper cheek, antenna, trochanters, remainder of

legs (tarsi somewhat brownish), halter. Palpus black with tip a little brownish.

Whole fly largely shining, only dorsum of thorax (except scutellum), lower

pleura, sternum, and occiput very lightly pruinose, and narrow frontal orbits

and face above transverse depression quite heavily white pruinose.

Head with front parallel-sided, 0.34 of head width. Profile similar to that

of E. galapagensis (fig. 3b), but medifrontal setae fewer and antenna larger,

extending to oral margin and with 3rd segment elliptical, % longer than wide.

Medifrontal setae sparse and short, in four rows. Ocellar triangle as in figure 12.

Thorax nearly shining metallic greenish blue, with bronzy band across

middle; acrostichal hairs small, in eight rows; prescutellar acrostichals strong,
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about 15° posteriad of line connecting posterior dorsocentrals. Femur 1 as in E.

cavagnaroi (fig. 10b). Wing very like that of E. cavagnaroi (fig. 2), but basal

spot (extending a little distad of humeral crossvein), pterostigma, and apical

spot (extending to approximately 0.4 of distance from wing tip to posterior

crossvein brown.

Abdomen brightly shining, tergite 4 half as long as tergite 3, tergite 5 hidden.

Male. Similar to female. Length of wing 2.47 to 3.29 mm. (average of 7

specimens 2.96 mm.).

Types. Holotype (9), allotype, and 22 5 paratypes, Isla Santa Cruz,

Academy Bay, Darwin Research Station, 26-1-1964 (ROS); paratypes: \$,

same locahty, coastal rock collecting, 24-1-1964 (DQC and ROS); 1 c5 ,
same

locahty, S-II-1964 (ROS); 1 $ , Isla Santa Cruz, Bella Vista trail, 11-11-1964

(DQC); 29 9, Isla Isabela (Albemarle Id.), 1-1-1899; 3SS, Isla Santa

Maria (Charles Island), 5-X-1899. The specimens from Santa Maria and

Isabela were reported upon by Coquillett (1901, p. 376) as E. nitidiventris

Loew. One pair from Santa Cruz has been retained in United States National

Museum.

This species is apparently most closely related to E. cavagnaroi and E. phoeba,

new species, as indicated in the key.

Euxesta spodia Steyskal, new species.

(Figures 4a, 4b, 4c.)

Female. Length of wing 2.45 to 3.36 mm. (average of 10 specimens 2.99

mm.).

Color black, appearing dull gray from heavy pruinosity, the following parts

yellowish: front, upper face, cheek, palpus, labella, extreme tip of scutellum,

foreleg (including coxa), middle and hindlegs (except coxa), halter. Entire

insect pruinose or at least dull from microsquamation of varying degrees of

density, in color whitish generally, but yellowish in four broad longitudinal stripes

on mesonotum, one pair between the dorsocentral lines and one sublateral pair,

and on dorsum of abdomen ; medifrons only dull, not conspicuously pruinose as

are fairly broad frontal orbits.

Head as in figure 4b; front a little narrowed above, 0.34 of head width;

medifrontal setae bristly in two rows of 4 each; ocellar triangle elongate, with

ocellar bristles placed close to anterior ocellus.

Thorax with rather coarse black mesonotal hairs, those of acrostichal series

in 8 rows: prescutellar acrostichals strong, 35-40° posteriad of line connecting

posterior dorsocentrals; scutellum flattened above, femur 1 as in figure 4c,

ventral bristles rather fine; wing as in figure 4a, dark area usually with

distinctly paler spot apicad of pterostigma.

Abdomen with tergites 3, 4, and 5 of successively slightly decreasing length,

as 100,92, 78.
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Male. Similar to female. Length of wing 3.18 to 3.27 mm. (average of 3

specimens 3.22 mm.).

Types. Holotype ( 9 ), Isla Santa Cruz, Academy Bay, Darwin Research

Station 25-1-1964 (DQC and ROS); allotype, same locality, 6-1-1964 (ROS);

paratypes: 9 9 ^ ,2 $ S , same locality, 25-1 to 20-11-1964 (DQC and ROS).

One S and 2 2$ paratypes have been retained in USNM.
This species is very similar to Euxestina jiiscipennis Curran (1934a, p. 429),

from Kartabo, British Guiana, but differs therefrom in its lighter color (lacking

brown mesonotal vittae and brown upper pleura), and in the front having

"very many short, black bristly hairs." I would prefer not to recognize the

genus Euxestina that Curran erected for E. juscipennis until a proper evalua-

tion of the group characters in the large genus Euxesta can be made. However,

it is quite likely that these two species may eventually be distinguished, at least

subgenerically.

Pareuxesta academica Steyskal, new species.

(Figure 8.)

Female. Length of wing 2.73 to 3.53 mm. (average of 15 specimens

3.13 mm.).

Color greenish black, except brown front, parafacial, cheek, lower side of

3rd antennal segment, small part of knees, and yellowish halter. Nearly every-

where dulled with pruinosity, brownish on mesonotum, whitish elsewhere;

scutellum somewhat more lightly pruinose than mesonotum; abdomen dorsally

nearly shining, especially apically.

Head with front parallel-sided, 0.33 of head width. Narrow frontal orbits

whitish pruinose. Third antennal segment elliptical, % longer than wide.

Profile of head and ocellar triangle very much like that of P. latifasciata (fig.

5b), but frontal and vertical hairs and bristles fewer and a little shorter, hairs

and bristles of lower head a little longer. Coarse medifrontal setae in four ir-

regular rows.

Thorax dorsally uniformly unicolorously pruinose; acrostichal hairs in eight

rows; prescutellar acrostichals strong, only a little posteriad of the dorsocentrals

;

femur 1 very similar to that of P. latifasciata (fig. 5c), but ventral bristles a

little shorter; wing as in figure 8, dark band through posterior crossvein arcuate

and forming angle of slightly more than 90° with costal margin basad thereof;

band from pterostigma interrupted in discal cell, leaving isolated spot on 5th

vein and becoming faint posteriad thereof; subbasal spot faint, yellowish,

diffuse.

Abdominal tergites 3, 4, and 5 successively shorter, length as 100, 80, 50.

Male. Similar to female. Length of wing 2.42 to 3.49 mm. (average of 21

specimens 3.19 mm.). Apical 2 preabdominal segments shining black, distinctly

contrasting with the whitish pruinose basal tergites.
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Types. Holotype (9), allotype, and 13 paratypes (4 9 9, 9 6 i), Isla

Santa Cruz, Academy Bay, Darwin Research Station, 23-1-1964 (DQC and

ROS); paratypes, same locality: \i, 25-1-1964, sweeping coastal plants

(ROS); U, 4 9 9, 26-1-1964 (ROS); 2$ $, 28-1-1964 (ROS); 2$ $,

39 9, 29-1-1964 (ROS); 1 pair, 2-II-1964 (ROS); 2 6 6, 19, 9-II-1964

(DQC and ROS); 1 pair, 20-11-1964 (ROS); Isla Pinzon, summit and upper

caldera areas, 7-II-1964 (DQC). Eight paratypes have been retained in

USNM.
This species, as indicated in the key, is most similar to P. obscura Coquillett,

differing chiefly in wing pattern.

Pareuxesta hyalinata Coquillett.

Pareuxesta hyalinata Coquillett, 1901. Proc. Wash. Acad. Sci., vol. 3, p. 377.

This species was described from two females taken on Isla Isabela (Albemarle

Island), January 1, 1899. These specimens have been examined in United

States National Museum and have been the basis of their placement in the

foregoing key. No other specimens are known.

Pareuxesta intermedia Coquillett.

(Figure 6.)

Pareuxesta intermedia Coquillett, 1901. Proc. Wash. Acad. Sci., vol. 3, p. 377; Johnson,

1924, Zoologica (New York Zool. Soc), vol. 5, p. 89 (as synonym of P. latifasciata

Coquillett).

Examination of the typical material, consisting of three specimens in dirty con-

dition, leads me to consider it as distinct from P. latifasciata Coquillett, as

shown in the key and figures. The only female now lacks the abdomen. The

specimens were captured on Isla Isabela, and no others are known.

Pareuxesta latifasciata Coquillett.

(Figures Sa, Sb, Sc.)

Pareuxesta latifasciata Coquillett, 1901. Proc. Wash. Acad. Sci., vol. 3, p. 376; Johnson,

1924, Zoologica (New York Zool. Soc), vol. 5, p. 89.

Figures 5-12. Euxesta and Pareuxesta species. Pareuxesta latifasciata Coquillett, 5a,

wing; 5b, profile of head of $, with ocellar triangle and bristle sockets at higher magnifica-

tion; Sc, $, left fore femur; P. intermedia Coquillett, 6, wing; P. obscura Coquillett, 7,

wing; P. academica, n. sp., 8, wing; P. xanthomera, n. sp., 9, wing; Euxesta cavagnaroi,

n. sp., 10a, profile of head of $ , with ocellar triangle and bristle sockets at higher magnifi-

cation; 10b, $ left fore femur; E. callona, n. sp., 11, ocellar triangle; E. schusteri, n. sp., 12,

ocellar triangle.
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Johnson recorded additional material from the only known locality, Isla

Genovesa (Tower Island), found clustering on gull excrement on the beach.

The figures are drawn from typical material. This is the type species of the

genus Pareuxesta.

Pareuxesta obscura Coquillett.

(Figure 7.)

Pareuxesta obscura Coquillett, 1901. Proc. Wash. Acad. Sci., vol. 3, p. 377; Johnson,

1924, Zoologica (New York Zool. Soc), vol. 5, p. 90.

The male type and a few other specimens from the type locality, Isla Isabela

(Albemarle Island), have served as the basis for the figures and placement in

the key. Johnson recorded seven specimens from Daphne Major, near Isla Santa

Cruz, but I have not been able to see those specimens.

Pareuxesta xanthomera Steyskal, new species.

(Figure 9.)

Female. Length of wing 3.76 to 4.0 mm.
Color of body and head greenish black, largely obscured by brownish

pruinosity; scutellum only lightly pruinose; front reddish anteriorly, nearly

shining; parafacial and cheek reddish; basal antennal segments and lower side

of 3rd segment brownish; palpi black; halter with stem yellowish, knob black-

ish; lateral edges of last preabdominal tergite brownish; legs yellowish, includ-

ing coxae, only the tibiae proximally brownish black.

Head with front sHghtly narrowed above, at widest 0.33 of head width; very

narrow frontal orbits whitish pruinose; ocellar field as in P. latijasciata (fig.

5b), but nearly shining black, bordered by narrow shining reddish area ex-

tending in narrow strip into subshining anterior frontal area; 3rd antennal

segment oval, 1.6 times as long as wide; lower half of face and clypeus very

lightly pruinose; bristles of head much shorter than in P. latijasciata, upper-

most parafrontals somewhat shorter than width of 3rd antennal segment and

only slightly longer than medi frontal setae, which are coarsely scattered over

nearly entire front.

Thorax with mesonotum evenly and unicolorously pruinose; anterior acro-

stichal hairs small, in about 10 rows; prescutellar acrostichals absent; femur 1

similar to that of Euxesta cavagnaroi (fig. 10b), with three or four posteroventral

bristles in distal half and a few erect dorsal bristles also in distal half; wing

as in figure 9, hyaline, with distinctive dark brown bands, the basal ones ex-

ceptionally oblique.

Abdomen with tergites 3 and 5 of equal length, each 0.68 as long as tergite 4.

Male. Similar to female. Wing length 3.25 mm.

Types. Holotype (9), Isla Santa Cruz, Academy Bay, Darwin Research

Station, 24-11-1964 (DQC and ROS) ; allotype, same locality, 4-II-1964
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(ROS); paratypes, same locality: $, 7-II-1964 (ROS), 6, 24-11-1964

(DQC and ROS), ? sex, 2-II-1964 (ROS). One pair of paratypes has been

retained in the United States National Museum.

The relationships of this species are believed to be as indicated in the key.

It is the most specialized of its genus, the only one lacking prescutellar acro-

stichals and with a decided difference in the wing pattern.
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A NEW SPECIES OF EMBIOPTERA FROM
THE GALAPAGOS ISLANDS

By

Edward S. Ross
California Academy of Sciences

Insects of the order Embioptera disperse slowly even on continental land

masses owing to the universal apterism of females and their almost complete

confinement to silk galleries. It had been believed that the order is absent

on oceanic islands except for a few species transported by man. Therefore, the

recent discovery by David Cavagnaro of a native species on the Galapagos Is-

lands was quite unexpected.

This interesting new species is small, apterous in both sexes, and a member

of the New World family Anisembiidae. It and several other new species com-

prise a distinct section of the widespread genus Chelicerca Ross. This species-

group is confined to western Ecuador and Peru, chiefly in coastal thorn-bush

zones. A Peruvian species occurs in lichen growth of fog-dampened loma zones

at least as far south as the Chilean border.

Males of all mainland species of this group are alate and very distinct in

appearance from those of the Galapagos species. A close relationship is indi-

cated, however, by similarities in the male terminalia. The more conspicuous

differences, such as the male's apterism, robust form, and circular head with

small eyes, are juvenile characters attributable to neoteny. a condition most

likely to develop in a small gene pool and to be selected for in marginal environ-

ments, such as arid regions. Apterism of males has appeared independently on

almost all evolutionary lines of the order.

After first considering rafting and aerial transport, the writer has con-

cluded that ancestors of the Galapagos embiid most likely were carried to the

islands and distributed therein by birds. The habits of the Galapagos species

make it ideally suited for such transport, its niche being curled lichens and

crevices in rocks or bark. When birds roost or nest on or near such surfaces
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HIND BASITARSUS

Figure 1. Important characters of head and terminalia of the holotype of Chelicerca

galapagensis Ross, new species. Explanation of symbols: lOL and lOR = left and right

hemitergites of tenth abdominal segment; lOLP and lORP = process of lOL and lOR.

H = hypandrium (9th sternite) ; HP = process of H. LCB = left cercus-basipodite. LCi+a =
combined segments of left cercus. Setae usually omitted, stippUng represents membrane.

it should be easy for embiids to crawl or extend their silk galleries, between

the inviting body feathers of birds. Once in such retreats, the embiids could

remain for considerable time because of the security of well attached silk

galleries which would reduce dislodgement even during flight. On Wenman
Island embiid colonies were found within the nesting areas of boobies and

other sea birds. On Duncan Island Cavagnaro even found embiid galleries

ramifying an abandoned finch nest.

Embiids were collected on three islands but no tendency toward subspecia-

tion was noted. This may be due to frequent interisland movement of the breed-

ing stock by birds. Although only one species was found, future collectors
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should be alert to the possibility that other groups of the order may have

become established, such as one or more species of the family Teratembiidae

which is well represented on the adjacent Santa Elena peninsula. The tropi-

copolitan weed species, Oligotoma saundersii (Westwood), is common on trunks

of shade trees in Guayaquil and eventually may be introduced into the islands.

I wish to acknowledge the excellent field work of David Cavagnaro who dis-

covered the species and provided the habitat notes used in this paper. The

Belvedere Fund, the California Academy of Sciences, and the National Science

Foundation are to be thanked for providing support for Cavagnaro's and R. I.

Schuster's entomological survey. This paper was prepared during a period

of grant support by the National Science Foundation.

Chelicerca galapagensis Ross, new species.

(Figure 1.)

HoLOTYPE. Male, on slide deposited in the California Academy of Sciences,

San Francisco.

Type data. Galapagos: Duncan Island (Isla Pinzon), 1300 feet elevation,

matured in culture 22 April 1964 (D. Q. Cavagnaro).

Description. Appearance: small, robust, apterous; medium brown with

darker head and terminalia, pale membranous area between pro- and mesothorax

forming a cream band. Color details (in alcohol): Cranium brown, mottled,

dorsobasal pattern obsolete, ecdysial lines darker; gular surface pale brown,

eyes small, blackish; darker than cranium. Antennal segment I chestnut-

brown, 11 paler, III-VII straw-yellow, others to apex blending to chestnut-

brown with apical membranes tinged with pink; total segments 14. Sclerotized

portions of mouthparts light brown, except apices of palpi which are darker

brown. Prothoracic and cervical sclerites, and forelegs, medium brown with

darker lines along sutures and other sclerotic areas; comparable areas of

mesothorax yellow-brown; those of metathorax similar but tinged and mottled

with rust-red; thoracic fat bodies pure white and visible through intersegmental

membranes, those between pro- and mesothorax especially conspicuous and

creating a pale intersegmental band. Abdomen darker than thorax owing to

strong, brick-red, subcutaneous mottling throughout dorsum; ventrally pale

in basal half but blending caudad to mottled chestnut-brown. Tenth tergite

and processes largely blackish-brown, cleft membrane dark cream-white; ninth

sternite dark chestnut-brown, margins of lobe blackish; left paraproct blackish;

basal segment of right cercus with its rim and inner margin blackish, other-

wise mahogany-brown; basal portion of left cercus blackish-brown, especially

ventrally, its apical lobe and apical segment of right cercus light golden-brown.

Body length (on slide) 6.0 mm.

Important anatomical features, as figured: cranium exceptionally broad,

circular; as broad as long. Eyes very small, as in nymphs; facets coarse.
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Antennae unusually short, only 14-segmented; basal segments stout; apicals

becoming small. Mandibles short, outer margins broadly rounded; apices acutely

pointed, without teeth; left mandible with a broad, obtuse angle on inner-apical

arc. Body and legs stout, form comparable to that of nymphs and adult

females. Abdominal terminalia small with details of processes, as figured;

cerci unusually short and angled mesad, apical segment of right cercus ex-

ceptionally small.

Allotype. Female, in alcohol, with holotype data and disposition.

Description. Appearance: Small, pale golden-tan with thorax whitish and

abdomen dark brown. Color details: Cranium basically golden-amber, lightly

mottled with rust-red; a darker obtuse line curving caudad across head from

eye to eye is due to a gap between the paler brain and muscle tissue visible

through integument. Eyes lavender-black. Antennae 16-segmented, segments I

and II straw-yellow, other segments medium brown with pale joint mem-
branes, apicals slightly darker than subbasals. Mouthparts yellow-tan, man-

dibles golden with mahogany inner edges. Sclerites and legs of prothorax yellow-

tan; meso- and metathorax paler with transparent integument revealing internal

organs, especially the dark crop; thoracic fat bodies white, thus intensifying

pallidity of the segments. Mid and hind legs concolorous with forelegs.

Abdominal sclerites medium brown, darkened by mottled rust-brown on soft

tissue beneath integument; intersegmental membranes, and most of venter of

abdomen, pale yellow-tan whitened by flecks of internal fat bodies; eighth

sternite uniformly chestnut-brown medially, lateral thirds dark mahogany-

brown; ninth sternite paler mahogany, membranes of basal emargination

whitish; integument of paraprocts pale, revealing internal tissue; cerci yellow-

tan, tinged with rust-red. Important anatomical features: short circular head

and the well pigmented, perigenital sclerites. Body length 7.0 mm.
Paratypes and Parallotypes. a moderately large series of adults reared

from the same culture as the holotype. Deposited in the California Academy

of Sciences, United States National Museum, Paris Museum, and the British

Museum (N. H.)

Variation. The only appreciable variation occurs in the pigmentation of

males. Some individuals are paler than others, especially in the head, but this

may be because of insufficient hardening of the integument following transfor-

mation to the adult stage.

Other specimens examined. A short series of both sexes collected on

Wenman (Wolf) Island on summit cliffs at an elevation of 1300 feet. Adults

field-collected January and February, 1964, others reared during April and

May, 1964 (D. Q. Cavagnaro). On Santa Cruz (Indefatigable) Island 13 males

and one female were collected 16-IV-64 by Cavagnaro on the island's lower

east slope at an elevation of 500 feet, below Table Mountain. A very large series

of adults also was collected here on 2-VI-64 by S. Horneman and F. Cruz.
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All of the above specimens conform closely with the type series and are

considered conspecific.

Relationships. Males of C. galapagensis are distinct from all known
species of Chclicerca (all undescribed) from western South America by virtue

of male apterism, the circular head with nymph-type small eyes, short antennae

with fewer segments, and numerous distinctions of the male terminalia. It is

related, however, to several undescribed species of the genus occurring at

various altitudes in the Andes of Ecuador, as well as in the thorn-bush and

loma zones of the coast from the Santa Elena peninsula to southern Peru.

Habitats. The type locality is the higher portion of Duncan Island, a

ridge forming the east rim of the uppermost of two calderas. This ridge is

densely populated by embiids. Lichen-covered bushes were observed to be

entirely silk-covered, even to the extremities of twigs. An abandoned finch

nest was laced with embiid galleries. Along the ridge cliffs Hchen-encrusted

rocks also were whitened by embiid silk. The vast colony may extend com-

pletely around the upper caldera. This was not confirmed, however, because

of impenetrable vegetation. The embiid range appears to coincide with the

almost perpetual mist zone beginning at about 1150-1200 feet in elevation

on the island's north slope. The Duncan Scalesia occurs in this zone, epiphytic

brown hepatica and a conspicuous orange lichen occur on the bushes. Brome-

liads and orchids are found in this zone, mostly near the summit.

Embioptera were not encountered in the floor of the upper caldera, or on the

vegetation and rocks around the lower caldera, the north rim of which attains

about 1000 feet in elevation.

On Wenman (Wolf) Island another extensive colony covers lichen-encrusted

rocks of the steep, crumbling cliffs of the upper ridge of the north side of the

island's summit. Mr. Cavagnaro believes that this colony extends along both

the east and west cliffs of the upper plateau, especially the higher west cliff,

which receives an abundance of mist-laden breezes. Surprisingly, no embiid

galleries were on the bushes, as on Duncan Island, all being confined to rock

surfaces and crevices. Protected rock faces seemed to be preferred habitats.

Sea birds, such as the red-footed booby, Sula sula, nest throughout the embiid

zone, usually on small bushes just above the ground. Another bird, the swallow-

tailed gull, Gregarus jurcatus, is a ground nester whose nesting on Wenman
mostly is restricted to the embiid zone.

On Culpepper (Darwin) Island, 20 miles from Wenman, no embiids were

found. The island does not exceed 500 feet in elevation and, although there

are lichens on its cliffs, it may be too low to support the species during extremely

dry years of climatic cycles.

On Santa Cruz (Indefatigable) Island embiids were found exclusively in

lichens and bark flakes of large bushes and trees, Bursera and Cordia, in a

very open dry zone which receives but little fog moisture. Most of the speci-
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mens were collected on the east slope below Table Mountain at about 150 meters

elevation. Strangely, the more misty lichen zones of Santa Cruz, which ap-

peared to be ecologically identical to comparable zones of Duncan and Wenman
islands, seem to lack embiids. The coastal zones of Santa Cruz, although hav-

ing lichens on rocks and trees, appear to be too dry for embiids.

Biology. The habits of Chelicerca galapagensis are basically similar to those

of most embiids. The insects ramify the habitats with silk galleries and seek

refuge from predators and periods of adverse climate in crevices. Chelicerca

galapagensis, however, seems to be more sluggish and secretive than most

embiids and specimens can only be collected by laborously searching each tight

curl of the lichens which also must constitute the principal food. Numerous

other small arthropods share the habitat, especially a common spider which

appears to be the most important predator of the embiids. When received, all

cultures were heavily infested with sporozoan endoparasites, probably a species

of Diplocystis, and, as a result, it was impossible to establish thriving labora-

tory cultures of the embiids.

The best indicator of life history cycles in embiids is the maturity period

of males, the females being long-lived and overlapping generations. Adult males

of C. galapagensis were present in the field, or in cultures, during every

month of observation between February and July. The largest number occurred

during June, however, and this is regarded as the life cycle peak with a maximum

of mating activity of virgin adults. Mating probably occurs within the area of

development and the eggs are laid here and there in the galleries rather than

in clusters. It is doubtful whether more than one generation occurs per year.
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DEVELOPMENT OF A DEEP-SEA CUSHION
STAR, PTERASTER TESSELATUS

By

Fu-Shiang Chia^

Department of Zoology and Friday Harbor Laboratories,

University of Washington, Seattle, Washington

Abstract: The breeding season of Pteraster tesselatus Ives in the vicinity of San

Juan Island, Washington, is around July and August. Under laboratory conditions,

the development from fertilization to the completion of metamorphosis takes about

a month. The animal does not brood its young; the larva is pelagic but no functional

digestive tract is developed throughout the larval life.

Pteraster tesselatus Ives, commonly known as a cushion star, belongs to the

order Spinulosa and family Pterasteridae. It is a deep-sea form ranging from

8 to 238 fathoms on various kinds of sea bottom from the Bering Sea south

along the North American coast to Washington (Fisher, 1911). Special fea-

tures of this sea star are the supradorsal membrane with a central osculum

which is directly connected with the respiratory system, and the upward exten-

sion of the ambulacral groove at the end of the arms (fig. 1). Verrill (1914)

commented about the family in general as follows: "This is one of the most

peculiar groups of starfishes hitherto discovered. It shows, in general char-

acters, a remarkably high degree of specialization not found in any other group."

This animal has been known for a long time as a true brooder (Koren and

Danielssen, 1856; Fisher, 1940); that is, it was supposed to brood its young

in the nidamental chamber (space between the supradorsal membrane and the

aboral body wall) up to the young adult stage. Curiously enough, the embry-

ology in general has never been described. This report presents information

for the first time on embryonic and larval development. It also shows that this

animal does not in fact brood.

1 Present address: Department of Life Science, Sacramento State College, 6000 Jay Street, Sacramento,

California 95819.
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This study was done in the summers of 1960 and 1963 at the Friday

Harbor Laboratories, University of Washington. Approximately 20 animals

were dredged from the Presidents Channel (101 fathoms deep) of the San

Juan Archipelago, Washington, on July 13, 1960, but only six of them were

brought to the laboratories. These animals were kept in a large wooden tank

supplied with running sea water. Two females spawned the following morning

after arrival. The eggs were pumped out through the osculum two or three at

a time during each inflation, but infrequently a string of eggs (at least 20)

were pumped out at one inflation. The eggs were transferred to a small aquar-

ium of running sea water at a temperature of 10-13°C. and their development

was observed under a stereomicroscope. Approximately 2 percent of such

collected eggs underwent normal development; the rest either showed no sign

of development at all or were arrested at early embryonic stages. No males were

observed to spawn in the tank, but examination under a compound microscope

demonstrated that a number of motile sperms were indeed attached to the eggs.

So, apparently, the spawning of the males escaped observation. The inadequate

supply of sperms might account for the low percentage of normal development.

Furthermore, the differences between the laboratory and natural conditions

cannot be underestimated on this aspect.

The spawned eggs floated on the surface of the water, were bright yellow

or orange in color, and measured about 1.46 mm. in diameter. Each was sur-

rounded by a coat of jelly which exhibited fine radiating channels. The fertil-

ization membrane was visible beneath the jelly coat and the perivitelline space

was comparatively small. The cleavage ranged from typical holoblastic and

radial to an irregular type (fig. 2) and a wrinkled coeloblastula generally re-

sulted. The blastula then gradually flattened along the animal-vegetal axis

and soon hatched from the surrounding membranes. After hatching, the blas-

tula swam by ciliary movement in a clockwise rotation along the animal-vegetal

axis. Gastrulation was by embolic invagination at the flattened vegetal pole.

The blastopore of the young gastrula was large and irregular in outhne (fig. 3).

The gastrula soon elongated along the animal-vegetal axis and transformed into

a cone-shaped larva (fig. 4) which might be comparable to a bipinnaria. In

<-

Figure 1. Aboral view of a living animal, showing the central osculum where water is

being pumped out. Note also the upward extension of the ambulacra! groove at the tip of

the arms.

Figure 2. Cleaving embryos; one is at four-cell stage. Note the jelly coat and fertili-

zation membrane. ISX.

Figure 3. Gastrula, viewed from the vegetal pole, showing the large blastopore. 13 X-

Figure 4. Cone-shaped larvae, b, region of closed blastopore. 13 X-

Figure S. Metamorphosing larva, lb, larval body; pi, preoral lobe; t, tube feet. 13 X-
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the meantime the blastopore closed. Six days after fertilization, a circum-

ferential groove occurred at the lower part of the cone-shaped larva and di-

vided it into two distinct regions. The larger animal region became the preoral

lobe and the small vegetal region became the larval body. As soon as the

two parts were clearly distinguishable, five primordial arms of the young star

appeared simultaneously in the vegetal part from the larval body and the first

pair of tube feet soon appeared on each arm (fig. 5). The preoral lobe was

completely absorbed when the young star had developed two pairs of tube

feet in each arm, at which time the larva sank to the bottom of the aquarium

and terminated its planktonic life. Immediately it started crawling with its tube

feet and the process of metamorphosis was completed.

The most notable characteristics of the young star were the wrinkled

epidermis of the aboral surface and the upward extension of the tips of the

ambulacral grooves. No spines or ossicles were observed at this stage.

The chronological development at a temperature of 10° to 13°C. is sum-

marized as follows

:

1st day: fertilization, cleavage.

2nd,

3rd day: blastulation and hatching.

4th day: free swimming blastula, gastrulation, flattening along animal-

vegetal axis.

5th day: elongated along animal-vegetal axis, cone-shaped bipinnaria

larva.

6th day: preoral lobe and larval disk became distinguishable.

7th day: onset of metamorphosis.

10th day: arms of the young stars differentiated.

13th day: first pair of tube feet developed.

16th day: preoral lobe reduced in size.

25th day: two pair of tube feet developed, preoral lobe almost absorbed;

end of the planktonic life, young star crawled on the sub-

stratum with its tube feet.

30th day: mouth opened.

Thus, the development of Pteraster tesselatus belongs to the type of direct

development in the sense that no feeding larval stage is developed. The cone-

shaped pelagic larva is comparable to a bipinnaria, but without a functional

digestive system. In other words, the embryo has all its nutrition supplied by

the yoke material in the egg.

The type of pelagic larva indicates indirectly that the present species does not

brood its young. This point is further supported by the observations made in

the summer of 1963. On August 30 of this year, 12 animals were dredged from

the San Juan Channel (67 fathoms deep) and were dissected on the next day to
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observe the condition of the gonads and to search for embryos in the nidamental

chamber. If the animals were true brooders, one would expect to find embryos

in the nidamental chamber of the spawned females. However, the results showed

that amonp: the 12 animals, 7 females (5 spawned. 2 nonspawned) and 5 males

(all spawned), none of them possessed embryos in the nidamental chamber.

This demonstrates directly that this animal is not a brooder and further indi-

cates the breeding season of this species at San Juan Island is from early July

to the end of August.
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Introduction

Probably no area in California has been mapped as often as the Berkeley

Hills, along the east side of San Francisco Bay, California. For well over half

a century students in the Departments of Geology and Paleontology at the

University of California have acquired the fundamentals of field geology by

studying the geology of the Berkeley Hills. Fossil mollusks have occasionally

been noted by the numerous field parties, yet no studies of this material have

been published since J. G. Cooper's description of three species in 1894. The

mollusks have mostly been found in the area of Siesta Valley, about 4 miles

east of the Berkeley campus of the University of California. This report presents

the results of a study of the material currently available at Berkeley.

I am indebted to Robert Kaar of San Francisco City College and his stu-

dents, who collected many of the specimens and were first to bring them to my
attention. Thanks also are due to professors J. W. Durham, Department of

Paleontology, University of California, and Edwin C. Allison, San Diego State

College, for critical reading of this paper. Special thanks to my wife, Jean, and

to Howard Schorn and Howard Hutchison, graduate students at the University

of California, for their aid and suggestions.

Previous Work

Siesta formation.

J. G. Cooper (1894a, pp. 54, 55) described Lymnaea contracosta, Planorbis

pabloanus and Anodonta nuttalliana lignitica from a lignite bed along the west

branch of San Pablo Creek. Cooper considered the sedimentary strata to be
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deposits of a Pliocene lake. Later Cooper (1894b, p. 169) listed the same three

species and called the sedimentary strata the Contra Costa Lake Beds. The

Contra Costa Lake Beds are now referred to the Siesta formation.

The Siesta formation was named by Lawson and Palache (1902, p. 384) as

the Siestan formation, and included in the upper Berkeleyan. Lawson (1914)

abandoned the name Siestan in favor of Siesta, and considered it the middle

formation of the Berkeley group.

The literature contains no reference to the repository of Cooper's types of

the above species. An intensive search of the invertebrate collection of the

Museum of Paleontology, Berkeley, which contains many of Cooper's types,

failed to uncover them. Possibly the types were deposited in the collections

of the California Academy of Sciences (their collections contained many of

Cooper's types of Recent mollusks, deposited there before the earthquake and

fire of 1906). Most of their fossil invertebrates were destroyed in the 1906

disaster, and if the types were deposited prior to that time they were not among

the few recovered.^ Therefore, the types of these species are presumed lost or

destroyed.

A list by IVIerriam (1896, p. 363) includes the gastropods Ancylus species

and Helix species, and the ostracod Cypris species in addition to the three

species listed by Cooper. Lawson and Palache (1902) listed, in addition to the

above taxa, the pelecypod Pisidium species.

MULHOLLAND BEDS.

East of the Siesta formation, in nearby Orinda, exposures of lacustrine

strata contain both molluscan and mammalian fossils. In Rheem 'Valley and

near Saint Mary's College, farther to the southeast, there are extensive exposures

of lacustrine strata which are referred to the same litho-stratigraphic unit as

those at Orinda. All of these beds have been referred to as the ''Mulholland

Formation" (Ham, 1952, p. 6). Originally these beds were mapped as part

of the Orinda formation by Lawson (1915).

The name Mulholland was first associated with these beds, although not in

a litho-stratigraphic sense, by Stirton (1939), who designated a mammalian

fauna from "near Saint Mary's College" as the Mulholland fauna. Subsequently

Axelrod (1944, p. 104), in discussing the Mulholland flora, referred to a

"lithologic similarity between the Tassajara formation and the Mulholland

region." Later, in the same paper, he referred to a "probable correlation of the

Mulholland with the Tassejaro,"- thus imparting a litho-stratigraphic sense to

the Mulholland. His purpose, however, clearly was not to assign formational

rank to the Mulholland, as he stated that the criteria for defining the unit

"is not yet assembled."

1 It is reported that F. M. Anderson sifted through the ashes of the old Academy of Sciences building,

recovering some of the invertebrate types, notably of the larger ammonites.

2 A misspelling of Tassajara.
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The name Mulholland formation was proposed by Savage, Ogle, and Creely,

in a paper read before the Cordilleran section of the Geological Society of

America meeting in Los Angeles in 1951. The published abstract of this paper

(Savage et al., 1951, p. 1151) does not contain the words Mulholland forma-

tion, stating only that "Unit (5) was originally mapped as Orinda, but a

separate formation name is warranted...." Their unit (5) is composed of

"Middle Pliocene flood plain and lacustrine sediments with minor tuffs." The
paper was never pubHshed. Later Ham (1952) referred to the "Mulholland

Formation" (his quotation marks) and cited the unpublished paper of Savage

et al., as his authority. The name Mulholland formation (without quotation

marks) was catalogued by Wilson, Sando. and Kopf (1957. p. 249), who cited

Ham as the author.

No published type section nor map of a Mulholland formation exists. There-

fore, in referring to that unit heretofore called Mulholland formation or "Mul-

holland Formation," I shall use the terminology Mulholland beds.

Geology

The lacustrine strata of the Siesta formation disconformably overlie the

Grizzly Peak Volcanic member of the ^loraga formation, and are conformably

overlain by the Bald Peak formation (basalts and lacustrine strata). A dis-

conformity between the Grizzly Peak Volcanic member and the Siesta forma-

tion is inferred by Lawson and Palache (1902) on the basis of a "laterized

zone" which they interpret to indicate an erosional period of some duration.

The lacustrine shales and cla3^stones assigned to the Siesta formation occupy

the trough of a southeast plunging asymmetric syncline, the axis of which lies

in, and parallel to. Siesta Valley. The western limb of the syncline is steeply

dipping in its northern portion and is overturned in its southern portion.

The Siesta formation is composed of a series of poorly sorted sandstones,

shales, clays, mudstones, limestones, and thin lignitic layers considered to be

largely of lacustrine origin. Near the head of Siesta Valley the beds are "ap-

proximately 300 feet thick, but thicken to approximately 1400 feet in the

southeastern portion. Preservation of the fossils is generally poor.

The basal Mulholland beds are principally mudstones, with occasional

thinly bedded shales. Preservation of the fossils is poor, but generally better

than in the Siesta. The upper part of the Mulholland section is distinctly

bedded and, in some places, is composed of medium to coarse-grained, cross-

bedded sandstones. At locality B-7270 the section is capped by a pebble con-

glomerate.

Age

Age determination of the Siesta formation is currently possible by two

methods: the Potassium-Argon method and determination on the basis of the
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included fossil mammals. Evernden et al. (1964, pp. 162, 163) assign the Siesta

formation to the Clarendonian North American land mammal age with a radio-

metric age of 9.9 X 10'' years. The sample used in deriving this data was ob-

tained from a "crystal vitric tuff in basal beds of the Siesta Formation." The

presence of the horse Hipparion, compare H. mohavense, and the beaver Eucastor

leconti, support a late Clarendonian assignment.

Associated mammals from the Mulholland beds (UCMP-^ localities B-7269,

B-7270) indicate a probable Hemphillian North American land mammal age.

Savage et al. (1951) list the rhinoceros Teleoceras, compare T. jossiger, the

beaver Dipoides species and the horse PUohippus compare P. spectans from

the Mulholland beds, and state that these animals existed only during Hem-

phillian time.

Related Faunas

A brackish and fresh-water molluscan fauna from the Petaluma formation

was described by Hanna (1923). I found several of the fresh-water taxa de-

scribed by Hanna to be the same as the species from the Siesta formation

and Mulholland beds. These are listed in Table 1.

The age of the Petaluma formation was originally considered to be upper

Miocene by Dickerson (1922) who believed it to be a non-marine facies of

the marine San Pablo. However, Stirton (1952) considers the Petaluma to

be no older than middle Pliocene (Hemphillian) on the basis of the presence

of Neohipparion gidleyi, a highly progressive horse of the A', enrystyle group.

Axelrod (1944) holds a similar view based on the Sonoma flora, which he con-

siders to be upper Pliocene. On the basis of marine mollusks from the Merced

in the Santa Rosa and Petaluma regions Durham (in Stirton, 1952, p. 2014)

reaches a similar conclusion.

PALEOECOLOGY
Siesta formation.

The lithologic and paleontologic characteristics of the Siesta formation in-

dicate cyclic lacustrine sedimentation. Coal seams and lignitic shales are nor-

mally formed during the last stages (marsh or bog phase) of lake development,

when water is shallow and the lake is occupied by vegetation. The presence of

lignitic shales and coal seams at several horizons, interspersed with sandstones,

mudstones, and clays, are evidence for the periodic rejuvenation of the lake.

It is probable that orogenic activity was at least in part responsible for this

periodic rejuvenation. The poorly sorted sediments, principally fine-grained

sand and clay-sized clastic particles, indicates deposition in a low energy en-

vironment.

* UCMP := University of California Museum of Paleontology.
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Table 1. Check list of molluscan species and comparison with Petaluma fauna.

Siesta Mulholland Mulholland Petaluma
formation beds (lower) beds (upper) formation

Pelecypoda

Sphaerium cynodon Hanna XX X
SphaerJum species X X
Anodorita nuttalliana lignitica Cooper XXX
Pisidium curvatum Hanna X

Gastropoda

Deroceras pachyostracon (Taylor) X
Gyraulus pabloanus (Cooper) X X
Goniobasis species (undetermined) X
Helminthoglypta species (undetermined) X
Lymnaea filocosta Hanna X XX
Lymnaea petaluma Hanna XX X
Lymnaea compare L. kerri Hanna X X
Lymnaea ( ?) limatula Hanna X
"Lymnaea contracosta (?) Cooper X X
Physa species ? X
Planorbis pleiopleurus Hanna X
Planorbis plenus Hanna X

* Hanna (1923, p. 40) lists L. contracosta (?) on the basis of specimens "too badly crushed for positive

identification.'' I have listed this species as occurring in the Siesta formation on the basis of Cooper's report.

The molluscan fauna of the Siesta is not large, including only aquatic genera

tolerant of wide changes in environmental conditions. A hydrogen ion con-

centration of less than pH 7.0 must have existed at times in the lake to allow

for the deposition of coal and lignite, which require an acid water environ-

ment. It is probable that the lake was, at least at the time of coal deposition,

in a dystrophic state. None of the molluscan genera represented in the Siesta

is restricted to alkaline water in present day habitats.

All of the gastropods except one are pulmonates whose living representatives

may be found in temporary ponds or permanent bodies of water. The sole non-

pulmonate is Goniobasis, a pleurocerid genus that is generally tolerant of ad-

verse conditions as long as the basic requirement of a permanent body of water

is met. It is known only from one locality, however, which may indicate that

it was not able to exist through the succeeding dryer marsh stage. The two

pelecypod genera, as well as the pulmonate gastropods, have the ability to

burrow into the substrate and aestivate during periods of drought.

Mulholland beds.

The rocks represented in the Mulholland beds are very similar to those of

the Siesta formation, being principally composed of fine-grained sand-size to

clay-size elastics. The fauna of the lower portion of the Mulholland beds is

similar to the Siesta molluscan fauna. I have found no terrestrial mollusks
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from either the Siesta or the lower Mulholland, but two terrestrial genera,

Deroceras and Helminthoglypta , are well represented in the upper Mulholland

beds. The presence of the terrestrial forms in locally abundant concentrations,

coupled with a reduced aquatic fauna in the upper beds, indicates a possible

change from a lacustrine to a riparian environment. This view is supported by

localized cross-bedding in the upper beds.

Although there is no dramatic faunal change from the Siesta, the fossil

mollusks of the Mulholland beds are generally larger and thicker shelled. Also,

no coal or lignite seams (typical of the Siesta) occur in the Mulholland. It

may be inferred, therefore, that the trophic state of the lacustrine environment

changed from a somewhat dystrophic state to a more eutrophic one. The

geologic structure of the area supplies evidence of tectonic activity during

deposition of the lacustrine sediments. Attendant uplift is the most probable

cause of the freshening of the lake waters. The final result of this tectonic

activity seems to have been the replacement of a lacustrine by a riparian regime.

Locality Register

All localities are in Contra Costa County, California, within the Oakland

east quadrangle, IVi' series, 1949 edition, the Briones Valley quadrangle, 7M>'

series, 1959 edition, and the Las Trampas Ridge quadrangle, IV-^' series, 1959

edition. All locality numbers refer to University of California Museum of

Paleontology (UCMP) invertebrate collections.

B-7266. State grid coordinates 1,504,900-507,600, T.l N., R.3 W., Briones

Valley quadrangle. One thousand six hundred feet S. 30° E. from summit of

VoUmer Peak (B.M. 1905), exposed in ditch across the road from the Grizzly

stables on Lomas Cantada road, and in saddle between low hill and Vollmer

Peak. Gray to white limestone bed approximately 10 feet thick, striking N. 60°

W. Siesta formation.

B-7267. N.W.Vi of S.E.% of section 4, T.l S., R.3 W., Oakland east quad-

rangle. East limb of syncline, just north of California State Highway 24 in road

cut terrace, about 50 feet above highway. Moderately well bedded, friable, fine

grained sandstone and shale. Siesta formation.

B-7268. N.E.Vi of S.W.V* of section 4, T.l S., R.3 W., Oakland east quad-

rangle. West limb of syncline, just north of old route of California State High-

way 24, adjacent to unpaved road that goes north up Siesta Valley. This

locality has been largely destroyed by the construction of the approach to

the new bore of the Caldecot tunnel. Gray, poorly bedded to massive claystone.

Siesta formation.

B-7269. State grid coordinates 1,513,600-508,000, T.l N., R.3 W., Briones

Valley quadrangle. Four-tenths mile N.W. of Orinda cross-roads on San Pablo

Dam road. Face of excavation behind annex to Orinda Union School. Calcareous
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mudstone, brown to gray in color, striking N. 65° W., dipping 50° S.E. Equals

UCMP vertebrate locality V-5017. Lower Mulholland beds.

B-7270. S.W.Vi of N.E.H of section 7, T.l S., R.2 W., Las Trampas Ridge

quadrangle. Three hundred yards southeast of junction of Moraga Road with

Rheem Blvd. Quarry on southwest facing slope, in blue to gray ferruginous

sandy clays and shales, stratigraphically below prominent pebble conglomerate.

Equals UCMP vertebrate locality V-3611. Upper Mulholland beds.

SYSTEMATIC PALEONTOLOGY
PELECYPODA

l^nionidae

Anodontinae
Anodonta Lamarck, 1799

Type Mytillus cygneus Linnaeus

Anodonta nuttalliana lignitica Cooper, 1894.

(Figure 1.)

Anodonta nuttalliana lignitica Cooper, 1894, p. 55, fig. 58.

Diagnosis. A species of Anodonta with umbones % distant from anterior

end, posterior margin slightly concave above midline to meet straight hinge

line % distant from posterior end ; length to height ratio of 2:1.

Discussion. Because of their poor preservation, it is not possible to defi-

nitely assign the present specimens from the Siesta formation to Anodonta

nuttalliana lignitica, although they most likely belong to Cooper's subspecies.

Specimens from the Mulholland beds are better preserved, and so closely agree

with Cooper's description that they may be assigned to this subspecies with a

high degree of certainty. The only apparent difference being that the growth

lines, where visible, generally are more sharpW curved than those shown in

Cooper's illustration.

Occurrence. In the limey sandstone, shales and clays of the Siesta forma-

tion; UCMP localities B-7267, B-7268. Abundantly represented in the basal

Mulholland beds, UCMP locality B-7269; rare in upper Mulholland beds,

UCMP locality B-7270.

Sphaeriidae

Sphaerium Scopoli, 1777

Type Tellina cornea Linnaeus

Sphaerium cynodon Hanna, 1923.

Sphaerium cynodon Hanna, 1923, pp. 35, 36, pi. 1, figs. 4, 5, 6.

Diagnosis. A large and robust species of Sphaerium with elevated umbones,

right valve with equally prominent teeth, left valve with two blade-like laterals,

the anterior being higher and less elongate than the posterior.

Discussion. The present specimens are somewhat smaller (10.6 mm. X
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Figure 1. Anodonta nnttalliana lignitica Cooper. Length 24.8 mm. UCMP no. 12174.

Figures 2, 3. Gyrauliis pabloanus (Cooper). Diameter 3.7 mm. UCMP no. 32486.

Figure 4. Helminthoglypta species. Diameter 15.0 mm. UCMP no. 32992.

Figitre 5. Goniobasis species. Height 10.0 mm. UCMP no. 32993.

8.7 mm.) than those described by Hanna, but the proportions are the same

and the characters largely agree with his description and figures. The umbones

appear slightly less elevated than in Hanna's specimens, but this may be due

to moderate compression of the shell.

Occurrence. In claystones near base of Siesta formation, UCMP localities

B-7267, B-7268, and less commonly in the limestone bed, UCMP locality

B-7266. Abundant at UCMP locahty B-7269.

GASTROPODA
Lymnaeidae

Lymnaea Lamarck, 1799

Type Helix stagnalis Linnaeus

Lymnaea petaluma Hanna, 1923.

Lymnaea petaluma Hanna, 1923, pp. 37, 38, pi. 2, figs. 3, 7.

Diagnosis. A species of Lymnaea with a high, pointed spire of four gently

convex whorls bearing irregular growth ridges and fine growth striae with no

trace of spiral sculpture.

Discussion. The size and proportions of the present specimens agree with

the measurements given by Hanna in the original description. In examining the
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present specimens it was noted tiiat in at least one instance (a very large in-

dividual) the outer lip was slightly flared, in contradiction to the original

description. After comparison of this individual with the type specimen and

with other specimens from the same and nearby localities, it is my opinion that

the flared outer lip is a gerontic character. None of the other specimens show

this character.

The present specimens assigned to this species show little similarity to the

figure and description of Lymnaea contracosta Cooper, 1894. As Cooper's

figure is stated to be drawn from crushed specimens, the possibility that the

present specimens might represent L. contracosta was considered. However, the

body whorl is much too inflated and the spire proportionally too high to be

referable to L. contracosta. Cooper cites the "lignitic laminae" as the locality

for L. contracosta. There are, however, several horizons of lignitic shales and

coal beds in the Siesta. Almost all of those investigated contained L. petaluma,

but none contained L. contracosta. From Cooper's rather vague locality de-

scription, it appears that his "lignitic laminae" occurs fairly high in the sequence,

and in the upper reaches of Siesta Valley. As yet I have been unable to find

the locality. It is possible that L. contracosta occurs only in the upper part

of the formation, or is perhaps restricted to a particular "lignitic laminae."

Occurrence. In shales, mudstones, sandstones, and limestones of Siesta

formation, UCMP locahties B-7266, B-7267, B-7268: and in the lower :\Iul-

holland beds, UCMP locality B-7269.

Lymnaea filocosta Hanna, 1923.

Lymnaea filocosta Hanna, 1923, p. 38, pi. 2, fig. 5.

Diagnosis. A small ovate species of Lymnaea with three and one-half con-

vex whorls bearing very fine growth lines as only sculpture; columella straight,

outer lip not expanded.

Discussion. Although the present specimens are slightly crushed, they

agree so closely with Hanna's original description that there is no doubt of

their assignment to this species. Hanna relates L. filocosta to the Pliocene L.

alamosensis from Santa Barbara.

Occurrence. UCMP locality B-7268, Siesta formation. UCMP locahty

B-7270, upper Mulholland beds.

Lymnaea species compare L. kcrri Hanna. 1923.

Lymnaea kern Hanna, 1923, pp. 38, 39, pi. 2, fig. 6.

Diagnosis. A small high spired species of Lymnaea with four and one-half

gently convex whorls bearing fine growth lines crossed by fine spiral striae.

Discussion. Except for the absence of spiral striae, noted by Hanna in

his original description, the present specimens are very similar to L. kerri. A
further, though less important difference, is the greater size of the present
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specimens, the altitude of one complete specimen being 1 cm., with a diameter

of 4.0 mm., whereas Hanna gives an altitude of 4.2 mm. and a diameter of

2.3 mm.
Occurrence. Upper Mulholland beds, UCMP locality B-7270.

Planorbidae

Gyraulus Charpentier, 1837

Type Planorbis albus Miiller {=Planorbis hispidus Draparnaud)

designated by Dall in 1870.

Gyraulus pabloanus (Cooper), 1894.

(Figures 2, 3.)

Planorbis pabloanus Cooper, 1894, pp. 54, 55, pi. 5, fig. 57.

Diagnosis. A species of the planorbid gastropod Gyraulus with three and

one-half very convex whorls bearing exceedingly fine growth striae as only

sculpture; umbilicus % diameter of shell.

Description. Shell discoidal, three and one-half very convex whorls; sculp-

ture of fine, closely spaced axial growth lines, shell otherwise smooth; spire de-

pressed; umbilicus funnel-shaped, wide, % diameter of shell; aperture slightly el-

liptical, not descending; outer lip rounded, entire, not expanded; height of shell

1.3 to 1.6 mm.; diameter of shell 3.5 to 3.9 mm.
Discussion. In his description of this species Cooper (1894, pp. 54, 55)

states: "The absence of distinctive characters in most species of this genus,

together with the flattening caused by pressure in the lignitic laminae, make

it impossible to separate this from some other species, but more specimens

may distinguish it better." While it is true that specimens from some places

in the Siesta formation are deformed by pressure, enough relatively uncrushed

specimens from other localities allow the following observations. When not

crushed, the shell retains a marked convexity of its whorls, with no trace of

peripheral angulation.

Since publication of Cooper's description more recent work in the taxonomy

of planorbid mollusks has redefined and limited the concept of the genus

Planorbis. As the genus Planorbis is presently defined (Baker, 1945) the

species P. pabloanus should be removed from that genus and placed in the

genus Gyraulus. The weakness of the axial striae, absence of subangular

peripheries in the younger stages, fewer number of whorls, and lack of any

expansion of the apertural lip precludes placing this species in the genus

Perrinilla, as suggested by Hannibal {in Baker, 1945).

Although considerably smaller than Cooper's illustrated specimen, the

available specimens exhibit a considerable size range and in my opinion should

not be excluded from the species Gyraulus pabloanus on that highly variable

criterion. This species, together with Sphaerium cynodon, form the dominant

elements of the molluscan fauna of the Siesta formation.
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Occurrence. UCMP localities B-7266, B-7267, B-7268, Siesta formation.

UCMP locality B-7269, lower Mulholland beds.

Helminthoglyptidae

Helminthoglypta Ancey, 1887

Type Helix arhustorum Linnaeus

Helminthoglypta species.

(Figure 4.)

Description. Shell small for genus, four and one-half to five whorls; em-

bryonic whorls smooth, of one and one-quarter to one and one-half whorls: sur-

face of shell somewhat papillose after embryonic whorls; sculpture of fine, simple,

growth striae, becoming more prominent on latter whorls; distinctly umbilicate.

Discussion. All specimens are rather badly crushed, so that original spire

angle and height of spire are not observable. Found at only one locality, in

the upper part of the Mulholland beds, where it is locally abundant.

Occurrence. UCMP locahty B-7270.

Limacidae

Deroceras Rafinesque, 1820

Type Deroceras gracilis Rafinesque, 1820

Deroceras pachyostracon (Taylor), 1954.

Craterarion pachyostracon Taylor, 1954, p. 75, pi. 20, figs. 16-20.

Diagnosis. "A very thick, convex subspiral, long-oval slug plate." (Taylor,

1954, p. 75).

Discussion. Slug shells from the upper Mulholland beds are referable to

Craterarion pachyostracon Taylor from the late Miocene Barstow formation,

California. Taylor states (1954, p. 75) that Craterarion belongs in the family

Arionidae and compares it with two recent genera of that family Binneya and

Hemphillia. In this comparison, he lists three major differences between

Craterarion and the Recent genera: 1, extreme thickness of Craterarion; 2,

degree of coiling; 3, possession of a posterior process ("hook") in young speci-

mens of Craterarion. He further states that Craterarion resembles some species

of Deroceras in possessing a posterior "hook." I must add that it also approxi-

mates fossil species of Deroceras in 1, thickness; 2, posterior callus in adult

specimens; 3, pattern and degree of coiling; 4, convexity of shell; and 5, plan

of growth. After comparison with the fossil species Deroceras aenigma Leonard,

I am convinced that C. pachyostracon is only specifically distinct from D.

aenigma, and therefore belongs in the family Limacidae and not in the Arionidae.

Living species of Deroceras, although having a similar growth pattern, are

uniformly much thinner than the fossil species, which may represent an ances-

tral genus or subgenus. However, the shell in slugs of both families is a
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vestigial structure, and as such is subject to considerable variation within a

species. Therefore, to erect a new genus to accommodate the fossil species

seems, in the absence of more complete data, to be unwarranted.

Occurrence. UCMP locality B-7270, upper Mulholland beds.

Pleuroceridae

Goniobasis Lea, 1862

Type Melania olivula Conrad, 1834

Goniobasis species.

(Figure 5.)

Description. Shell small, imperforate; spire high, number of whorls un-

known, but more than six; whorls strongly convex, gradually enlarging; body

whorl smoothly convex, with no concavity at base near columella; aperture

about one-half the height of body whorl, entire, ovate, oblique; sculpture of

regularly spaced axial cords, fine growth lines.

Discussion. The size of the poorly preserved specimens is similar to that

of G. rodeoensis (Clark), from Sonoma, and G. leslieae P'irby, from the Es-

meralda formation of Nevada. The sculpture, where preserved, suggests that

they represent a distinct species.

Occurrence. Two specimens from UCMP locality B-7268.
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Introduction

The genus Brachymeles occurs throughout the Philippine archipelago with

the probable exception of the Palawan group in the west. The only record

known to us for Palawan Island, noted by Brown (1956), is a single example

of Brachymeles schadenbergi. This specimen from the E. H. Taylor collections

at the California Academy of Science, San Francisco, California, (CAS 15571)

has a registry entry indicating that it was collected on Palawan Island. How-

ever, Taylor does not include Palawan in the range of this species, or the

genus, in his volume on the lizards of the Philippine Islands (1922), or in his

later paper on additions to the herpetofauna of Palawan (1925). Also no

specimens were obtained during our intensive exploration of central Palawan

in 1961. It therefore seems probable that an error exists in the locality data

for this CAS specimen. The genus is otherwise represented by populations of

three or four different species on most of the larger islands or island groups.

Populations of those species which are least highly evolved toward the

burrowing habit, retaining five digits on each limb, exhibiting only moderate

shortening of the limbs, little elongation of the body, and little fusion or loss

of head shields, have usually been referred to B. gracilis and B. schadenbergi.

These species have been assumed to be widely distributed throughout the

archipelago. Brown (1956), in a revision of the genus, recognized two geo-

graphic subspecies of B. schadenbergi and three of B. gracilis. The more

highly evolved species, those exhibiting great reduction of limbs and a loss

of some digits, have limited distribution, usually only one or two or a closely

associated group of islands. Distribution patterns are shown in figures 1-3.

1 Division of Systematic Biology, Stanford University, and Menlo College, Menlo Park, California.

- Silliman University, Philippine Islands.
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Recent collections from the large island of Leyte in the eastern part of the

archipelago, and more adequate samples from several widely separated popula-

tions on some of the other large islands, Mindanao in the south, Negros and

Cebu in the center, and Mindoro and southern Luzon in the north, indicate

that our concepts of the less highly evolved and widely distributed species

complexes should be re-examined. Also, larger samples for some of the more

highly evolved forms make possible more adequate descriptions of these species,

and necessitates the recognition of one new species from Cebu Island. Species

for which no additional information is available, relative to description or range,

are included only in the key and tables. For a diagnosis of these species see

Brown (1956). In this paper the species are arbitrarily divided into two

groups; those exhibiting some reduction of digits and those which are penta-

dactyl. A key to the species is included at the close of the paper.

Species with Reduced Number of Digits

Brachymeles vermis Taylor.

Brachymeles vermis Taylor, 1918, Philip. Jour. Sci., vol. 13, p. 255; Bubuan Island, Sulu

Archipelago; holotype probably destroyed.

No new data available.

Brachymeles bonitae Dumeril and Bibron.

Brachymeles bonitae Dumeril and Bibron, 1839, Erpet. Gen., vol. 5, p. 777; Manila, Luzon

Island; holotype in the Paris Museum of Natural History.

Brachymeles burksi Taylor, 1917, Philip. Jour. Sci., vol. 12, p. 275; Sumagui, Mindoro

Island; holotype in the Museum of Comparative Zoology, Harvard University.

A larger series of this species complex from Mindoro Island makes possible

a more adequate definition of the complex.

Definition. A moderate-sized, slender form of Brachymeles, mature

specimens measure about 58 to 79 mm. in snout-vent length; breadth of head

about equal to the diameter of body; ratio of head breadth to snout-vent length

about 0.059 to 0.077 for 20 specimens; limbs much reduced, length of hind

limb about 2V-j. to 5 percent of snout-vent length for 30 specimens; digits

usually absent, or one very short stub may be present (populations of the

Polillo Islands); frontal large; supranasals and prefrontals not in contact;

frontoparietals only rarely so; no postnasal; two frenals; four supraoculars;

usually one pair of nuchals; 22 to 24 midbody scale rows and 99 to 113 (mean

102.2 for 23 specimens) mid-dorsal scale rows between parietals and base of

tail (table 1) ; venter brownish, scarcely lighter than the dorsum.

Range. This species complex is known from Luzon, Polillo and Mindoro

Islands.
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Table 1. Pertinent measurements and scale and digital counts for species of Brachymeles

exhibiting loss of digits. (Numbers in parentheses = number of individuals from sample.)
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Brachymeles samarensis Brown.

Brachymeles samarensis Brown, 1956, Breviora, Mus. Comp. Zool., no. 54, pp. 6, 7;

Guisian, Samar Island; holotype in Chicago Natural History Museum.

This species was described on the basis of a single specimen. An additional

specimen from Samar and a series from Leyte and Becol Peninsula, Luzon,

makes possible a more adequate definition of this species complex.

Definition. A small species; snout-vent length about 56 to 65 mm. for

13 adult specimens; breadth of head about equal to diameter of body; ratio

of head breadth to snout-vent length about 0.065 to 0.083 for 17 specimens;

limbs much reduced, length of hind limb about 4 to 7 percent of snout-vent

length for 18 specimens; usually two very short digits on both fore and hind

limbs, occasionally only one or as many as three may be evident; frontal shield

is small; supranasals separate; frontoparietals in contact; prefrontals in con-

tact for the Leyte and Samar examples but slightly separated in Luzon examples

;

two frenals; five supraoculars; usually one pair of nuchals; 22 to 24 midbody

scale rows and 86 to 96 (mean 92.6 for 18 specimens) mid-dorsal scale rows

between parietals and base of tail (table 1); venter brownish, scarcely lighter

than the dorsum.

Range. This species complex is known from Leyte, Samar, and the Becol

Peninsula of Luzon just north of Samar.

Brachymeles tridactylus Brown.

Brachymeles tridactylus Brown, 1956, Breviora, Mus. Comp. Zool., no. 54, pp. 7, 8;

Mayaposi area, southcentral Negros Island; holotype in Division of Systematic Biology,

Stanford University.

The original description of this species was based on a series of four speci-

mens; a large series now makes possible a more adequate definition.

Definition. A moderate-sized, slender species of Brachymeles, 68 to 80

mm. in snout-vent length for 30 mature specimens; breadth of head about

equal to diameter of body; ratio of head-breadth to snout-vent length about

0.065 to 0.080 for 20 specimens; limbs much reduced, length of hind limb

about 4 to 6 percent of snout-vent length for 20 specimens; three short

digits present on both fore and hind limbs; frontal large; supranasals, pre-

frontals and frontoparietals not in contact; no postnasal; two frenals; four

supraoculars; usually one pair of nuchals; 22 to 24 midbody scale rows and

93 to 103 (mean 96.9 for 21 specimens) mid-dorsal scale rows between parietals

and base of tail (table 1); venter brownish in color, scarcely lighter than the

dorsum.

Range. This species is known only from Negros Island north of about

9°30'N. latitude.
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Brachymeles cebuensis Brown and Rabor, new species.

HoLOTYPE. Stanford University no. 24400, a mature female, collected about

40 km. southwest of Cebu City, Cebu Island, Philippine Islands, January, 1964,

by Filemeno Empeso.

Paratypes. SU 24396-97, 24399, 24401. 24403; BM 1966.188; CAS 102405;

FMNH 154810; MCZ 85758; USNM 159757. From same locality as holotype.

Diagnosis. A small, slender Brachymeles, snout-vent length 55.0 to 74.0

mm. for 12 mature specimens; limbs much reduced, length of hind limb about

4 to 5 percent of snout-vent length; frontoparietals usually in contact,

separating frontal from interparietals; no postnasal; five supraoculars.

Description. A small, very slender species of Brachymeles: snout-vent

length 59.8 to 62.1 mm. for four mature males and 55.0 to 74.4 mm. for eight

mature females; breadth of head about equal to diameter of body, ratio of

head breadth to snout-vent length 0.066 to 0.080 for 11 specimens; snout

rounded; rostral large, tapering posteriorly in contact with the frontonasal;

nostril in a small nasal surrounded by the rostral, first upper labial and a

large supranasal; no postnasal; two frenals; fourth upper labial beneath the

eye; frontal short; prefrontals in contact or barely separate; frontoparietals

in contact; five supraoculars; interparietal large but not separating the parietals;

usually one pair of nuchals; eye small; no external evidence of ear; number of

midbody scale rows 22 to 24; number of scale rows between parietals and base

of tail 84 to 89 (mean 86.7 for 12 specimens); limbs much reduced, length

of hind limb about 4 to 5 percent of snout-vent length; digits reduced, two

on hind limb and three on fore limb (table 1).

Color (in preservative). Dorsum and upper lateral surfaces brownish; the

basal part of each scale with three or four small blackish spots extending out

from which are numerous brown lines more-or-less fused. The distal part of

each scale is usually almost without pigment; venter about the same shade

of brown but each scale usually more uniformly pigmented.

Measurements of holotype. Snout-vent length 55.0 mm.; axilla-groin

41.8 mm.; head breadth 4.2 mm.; length of snout 2.2 mm.; length of hind

limb 2.2 mm.

Comparisons. This is a member of that group of species in which the

habitus is very slender and the limbs much reduced or absent. The number

of mid-dorsal scale rows between the parietals and the tail is usually lower than

is characteristic of B. tridactylus , B. samarensis, and B. bonitae. It also differs

from these species in that the frontoparietals are usually in contact. The num-

ber of digits on hind limbs is fewer than for B. tridactylus and on the fore limb

greater than is usually true for B. samarensis.

Range. Known only from the type locality on Cebu Island.
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Brachymeles elerae Taylor.

Brachymeles elerae T.-wlor, 1917, Philip. Jour. Sci., vol. 12, p. 273; Philippine Islands;

holotype probably in the Museum of Santo Tomas, Manila, Philippine Islands.

No new data is available.

Brachymeles pathfinder! Taylor.

Brachymeles pathfinderi T.wlor, 1925, Philip. Jour. Sci., vol. 26, p. 104; Glan, Cotabato

Province, Mindanao Island; holotype in Museum of Comparative Zoolog\% Harvard

University.

No new data is available.

Brachymeles wrighti Taylor.

Brachymeles wrighti Taylor, 1925, PhiHp. Jour. Sci., vol. 26, p. 106; Trinidad, Northern

Luzon Island; holotype in Museum of Comparative Zoology, Harvard University,

Cambridge, Massachusetts.

No new data is available.

Pentadactyl Species

Taylor (1922) in his monograph on the lizards of the Philippine Islands

included four pentadactyl species. Brown (1956) recognized three species of

this group. These were: B. bicolor (Gray), B. gracilis (Fischer), and B.

schadenbergi (Fischer). Brachymeles boulengeri Taylor was regarded as a

subspecies of B. gracilis by Brown.

Our present series indicate that there are at least five species complexes,

but these differ in part in their systematic relationships from the earlier con-

cepts of both Taylor and Brown. These complexes may be referred to as

Brachymeles bicolor, Brachymeles hilong, new species, Brachymeles gracilis,

Brachymeles schadenbergi, and Brachymeles talinis.

Fischer (1885), in describing B. gracilis and B. schadenbergi, had only

single examples from Mindanao Island. He distinguished B. gracilis from the

latter on the basis of a number of characteristics. These included more slender

habitus, fewer midbody scale rows, separation of the supranasals, shorter fore

Hmb, and possession of a narrow, dorsolateral, light stripe. These differences

hold for all examples from the populations from southcentral Mindanao. Also

individuals of B. gracilis from southern Mindanao are consistently smaller, as

measured by snout-vent length at maturity, and exhibit a lower scale count

along the mid-dorsal line between the parietals and the base of the tail than

individuals of B. schadenbergi (tables 2-4). When all of the populations of

Figure 1. Distribution of known populations of nonpentadactyl species of the genus

Brachymeles.
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both species are considered the most consistent differentiating characteristics

are: (1) the general differences in size at maturity for the two species on

islands where both species occur; (2) the differences in number of mid-dorsal

scale rows between the parietals and the base of the tail; (3) the differences

in the size of the supranasals; (4) the differences in proportions.

Brachymeles schadenbergi Fischer.

Fischer (1885, p. 88) gives southern Mindanao Island as the type locality

of this species. An examination of several specimens from the populations of

the Davao Province area in southcentral Mindanao, which have the same

midbody scale-count as Fischer's type, reveals that the type does indeed fit

well within the range for most scale characters and proportions exhibited by

our Davao sample (table 2). Only in the separation of the rostral from the

prefrontal and possibly a darker venter is there closer agreement of the type

with our population sample from Zamboanga Peninsula in western ^Mindanao.

However, other populations from eastern Mindanao. Bohol, and Leyte exhibit

variation especially in the first character, and it may be that a larger sample

from various areas in southcentral Mindanao will prove to be less constant.

In view of this, and Fischer's statement that the type came from southern

Mindanao, we propose that the type locality for B. schadenbergi be restricted

to southcentral Mindanao.

Brown (1956, p. 16) described B. schadenbergi talinis from southern

Negros Island, noting that samples from Jolo Island and from Mountain

Province, Luzon Island, were more similar to the Negros population than to

populations of Basilan, Mindanao, Bohol, and Leyte islands which were re-

ferred to B. s. schadenbergi. This distributional pattern, at least as far as

Negros and northern Luzon are concerned, is parallel to that exhibited by

populations of Lygosoma (Leiolopisma) pulchellum (Brown and Alcala, 1963,

p. 77). As pointed out by Brown (1956, p. 15). the distribution pattern of

these populations suggested three possible interpretations : ( 1 ) chance coloniza-

tion of widely separated islands, across intervening sea barriers, by two distinct

subspecies; (2) more or less isolated populations of a polytypic species ex-

hibiting chance convergence with respect to the presence or absence of a

dorsolateral stripe; (3) two groups of populations of sibling species, similar

morphologically, which have maintained disjunct distributions within this

archipelago. On the basis of the larger samples now available from Mindanao

and the associated southeastern islands, and our present knowledge of their

consistent differences when compared to the southern Negros population, it now

seems more logical to accept the third interpretation rather than the first.

Consequently we now regard B. talinis as a distinct but sibling species. The

specimens from northern Luzon Island (CAS 61378-79) and Jolo Island (CAS

60723-25) are tentatively referred to this species complex (table 4).
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Thus the range of B. schadcnbergi, as we recognize it at this time, includes

the Sulu Archipelago, Mindanao, Leyte, and Bohol islands. These populations

fall into two zoogeographically logical groups which we have chosen to regard

as different subspecies. On the basis of a combination of characters, primarily

(1) the most anterior labial entering the orbit; (2) the modal number of

midbody scale rows; (3) the modal number of fourth toe lamellae (table 2).

two subspecies are recognized.

Key to the Subspecies of Brachymeles schadenbergi.

Fifth upper labial (rarely the fourth) the most anterior to enter the eye; usually 28

or more midbody scale rows (S3 of a sample of 61) ; usually nine or more lamellae

beneath the fourth toe of the hind hmb (27 of a sample of 41) ;
known from north-

eastern Mindanao, Leyte, and Bohol islands B. schadenbergi orientalis

Fourth upper labial (rarely the fifth) the most anterior to enter the orbit; usually 26

midbody scale rows (25 of a sample of 39) ; usually eight or fewer lamellae beneath

the fourth toe of the hind limb (25 of a sample of 29) ; known from southcentral

and western Mindanao and the Sulus ^_- B. schadenbergi schadenbergi

Brachymeles schadenbergi schadenbergi (Fischer).

Eumeces (Riopa) schadenbergi Fischer, 1885, Jahrb. Wiss. Anst. Hamburg, vol. 2, p. 87;

southern Mindanao Island; holotype probably in the Dresden Museum.

Definition. A large form of Brachymeles, snout-vent length about 85.0 or

90.0 to 119.0 mm. (a male with a snout-vent length of 85.4 mm. is possibly

mature) for 30 mature specimens; limbs well developed; length of hind limb

about 16 to 24 percent of the snout-vent length for 40 specimens; length of

fore limb about 10 to 14 percent of the snout-vent length for 24 specimens;

supranasals in contact for 30 of 39 specimens; anterior loreal separated from

the first upper labial by the postnasal in 23 out of 50 examples. Fifth upper

labial most anterior one to enter the orbit in 36 out of 42 examples; 8 or fewer

lamellae beneath the fourth toe of the hind foot in 25 of 29 examples. Fewer than

28 midbody scale rows for 25 of 39 examples; 67 to 72 mid-dorsal scale rows

between the parietals and the base of the tail for 39 examples (table 2).

Range. Sulu Archipelago, Zamboanga Peninsula and southcentral Min-

danao.

Brachymeles schadenbergi orientalis Brown and Rabor, new subspecies.

The locality of the type series is Bohol Island and the definition is based

on this series.

Holotype. Stanford University no. 24436, a mature male, collected about

11 km. southeast of Sierra Bullones, Bohol Island, Philippine Islands, April

21, 1962, by A. C. Alcala and party.

Paratypes. SU 18702-06, 24428, 24430, 24432-35, 24437, 24440-44,

24446-56, 24458-60; BM 1966.191; CAS 102403-04; FMNH 154811; MCZ
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85759; SMF 59898; USNM 159758. From same general area as holotype,

6-15 km. southeast of Sierra Bullones, Bohol Island.

Definition. A large form of Brachymeles, snout-vent length 89.0 to

104.0 mm. for 15 mature specimens (a female measuring 85.2 mm. from snout

to vent is immature) ; limbs well developed; length of hind limb about 17 to 23

percent of the snout-vent length for 20 specimens; length of fore limb about

10 to 14 percent of the snout-vent length for 20 specimens; supranasals in

contact for 12 out of 20 specimens; anterior loreal separated from the first

upper labial by the postnasal in 9 of 34 specimens; fourth upper labial most

anterior one to enter the orbit in ii of 34 specimens; 9 lamellae beneath the

fourth toe of the hind foot in 13 of 21 specimens; 28 or more midbody scale rows

for 25 of i2 specimens; 68 to 72 mid-dorsal scale rows between the parietals

and the base of the tail for 21 specimens (table 2).

Range. In addition to the population from Bohol Island, the populations

of the Agusan Valley in northeastern Mindanao and Leyte Island are referred

to this subspecies (table 2).

Brachymeles gracilis Fischer.

Fischer (1885, p. 85) gave the type locality as Mindanao Island. In terms

of scale characteristics and proportions, Fischer's type falls within the ranges

exhibited for these characteristics by our sample from Davao Province in south-

central Mindanao (table 3). We, therefore, propose that the type locality, as

in the instance of B. schadenbergi, be restricted to southcentral Mindanao.

This species complex is more widely distributed and exhibits greater variation

between populations than is known for the other pentadactyl species. Con-

sequently the known island populations have been assigned to five subspecies

on the basis of combinations of morphological characters. This includes size

at which maturity is attained for some of the subspecies (table 3). The fact

remains, however, that we know nothing of their interbreeding potential. Also,

in view of their limitation to forest habitats and secretive habits, any actual

gene flow between island populations would probably, in recent times at least,

have been very low or nonexistent. The distribution of recognized subspecies

is shown on the map of the Archipelago (fig. 3).

Key to the Subspecies of Brachymeles gracilis

1. Usually fourth upper labial most anterior one to enter the eye 3

Usually fifth upper labial most anterior one to enter the eye 2

2. Dorsolateral light stripe usually prominent; supranasals small, widely to moderately

separated; (known from Bohol Island) B. gracilis boholensis

Dorsolateral light stripe absent or only moderately distinct; supranasals large, nar-

rowly separated or in contact; (known from Mindoro Island)-. S. gracilis mindorensis

3. Dorsolateral light stripe prominent 4

Dorsolateral light stripe absent or rarely very faintly indicated; (known from Negros



Vol. XXXIV] BROWN AND RABOR: REVIEW OF BRACHYMELES 537

and Cebu islands) B. gracilis taylori

4. Anterior loreal and first upper labial in contact; diameter of eye usually less than

40 percent of length of snout, except for Leyte population; (known from Sulu

Archipelago, Mindanao and Leyte islands) B. gracilis gracilis

Anterior loreal and first upper labial not in contact; diameter of eye usually more

than 40 percent of length of snout; (known from Luzon and Polillo islands)

___ B. gracilis boidengeri

Brachymeles gracilis gracilis (Fischer).

Eumeces (Riopa) gracilis Fischer, 1885, Jahrb. Wiss. Anst., Hamburg, vol. 2, p. 85;

Mindanao Island; holotype probably in the Dresden Museum.

Brachymeles sulnensis Taylor, 1915, Phihp. Jour. Sci., Manila, vol. 13, p. 254; Buban Island,

Tapiatan Group, Sulus, Philippine Islands; holotype probably not extant.

Definition, (based on sample from the southcentral Mindanao area)

A moderate-sized form of Brachymeles, snout-vent length 57.2 to 86.0 mm.

for 21 mature specimens (a female measuring 54.0 mm. in snout-vent length

is apparently not yet mature) ; limbs moderate, length of hind limb about 14 to

20 percent of the snout-vent length and length of fore limb 8 to 13 percent

of the snout-vent length for 20 specimens; eye small, its diameter about 30

to 42 percent of the length of the snout for 20 specimens; supranasals rather

widely separated for sample of 22 specimens; usually fourth labial the most

anterior one to enter the orbit; postnasal absent in about 60 percent of the

sample; anterior loreal in contact with first upper labial for sample of 27

specimens; 24 to 26 midbody scale rows; 64 to 68 mid-dorsal scale rows be-

tween the parietals and the base of the tail (table 3) ; dorsolateral stripe present;

upper lateral surfaces usually appear darker than dorsum ; ventral scales usually

with some dark spots or blotches.

Range. The type locality has been designated as southcentral Mindanao

Island; the known populations from the Sulu Archipelago and other areas of

Mindanao are in sufficiently close agreement for characters studied (table 3)

that they are also referred to this subspecies. The Leyte Island population,

which differs primarily in the less distinct dorsolateral light stripe is also

assigned to this subspecies.

Variation. The postnasal shield is absent in a number of specimens from

the southcentral Mindanao population.

Brachymeles gracilis boulengeri Taylor.

Brachymeles boulengeri Taylor, 1922, Phihp. Bur. Sci. Pub. no. 17, p. 246; Polillo Island;

holotype probably not in existence (Taylor, 1944, p. 143, does not give a repository

for the holotype).

Taylor (1922, pp. 247, 249) differentiated B. boulengeri from B. gracilis

primarily on the basis of the smaller eye, shorter limbs, and smaller ear of

the latter. He also (1922, pp. 247, 249) refers specimens from southern
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Luzon, Mindoro, and Negros to this species but does not designate examples

as paratypes. Brown (1956, p. 10) regarded B. boulengeri as only subspecifically

differentiated from B. gracilis, noting the smaller ear, smaller postnasal, and

the darker ventral color pattern of the monimate form. Brown (1956, p. 10)

also included the Bohol Island population in the subspecies B. g. boulengeri,

noting the disjunct distribution pattern, and placed the Negros population in

the subspecies B. g. taylori. The present availability of a sample from the

Leyte population which spatially separates the Bohol and Polillo-Luzon pop-

ulations necessitates a re-evaluation of the subspecific assignment of the Bohol

population. Adequate samples from Mindoro Island, Cebu Island, and northern

Negros Island also makes possible a further subspecific assignment of these

populations.

Definition. A moderate-sized form of Brachymcles, snout-vent length

62.2 to 95.6 mm. for eight mature specimens; limbs moderate, length of hind

limb 17 to 22 percent of snout-vent length for eight specimens, length of fore

limb 10 to 13^2 percent of snout-vent length for eight specimens; eye moderate,

its diameter about 40 to 52 percent of the snout length for eight available

specimens; supranasals separated; usually the fourth labial the most anterior

one to enter the orbit; postnasal present; anterior loreal separated from the

first upper labial; 26 to 28 midbody scale rows; 64 to 66 mid-dorsal scale rows

between parietals and base of tail (table 3) ; dorsolateral stripe present; ventral

scales relatively free of dark spots or blotches.

Range. Known from Polillo Island and southern Luzon Island.

Brachymeles gracilis boholensis Brown and Rabor, new subspecies.

HoLOTYPE. Stanford University no. 24528, a mature female, collected

about 6 km. southeast of Sierra Bullones, Bohol Island, Philippine Islands,

April 30, 1962, by A. C. Alcala and party.

Paratypes. SU 24491-527, 24529-30, 24532-33, 24535, 24537, 24540-41,

24543-44, 24546-47; BM 1966.189; CAS 102401-02; FMNH 154812; MCZ
85760; SMF 59899; USNM 159759. From same general locality as holotype.

Definition. A moderate-sized form of Brachymeles, 66.5 to 95.5 mm.

in snout-vent length at maturity for 30 specimens (a male 63.2 mm. and a

female 64.5 mm. in snout vent length appear to be immature) ; limbs moderate,

length of hind limb 17V2 to 21 percent of the snout-vent length; length of

fore limb 10 to 13 percent of the snout-vent length for 20 specimens; eye

moderate, its diameter about 39 to 51 percent of the snout length; supranasals

separated for sample of 20 specimens; usually the fifth (not the fourth, as

for B. g. gracilis and B. g. boulengeri) upper labial the most anterior one to

enter orbit; usually the anterior loreal separated from the first upper labial;

26 to 28 midbody scale rows; 62 to 66 mid-dorsal scale rows between parietals

and base of tail (table 3); light dorsolateral stripe prominent; ventral scales

usually without dark spots or blotches.
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Measurements of holotype. Snout-vent length 89.6 mm.; axilla-groin

60.0 mm.; head length 12.5 mm.; head breadth 10.0 mm.; length of snout

4.9 mm.; diameter of eye 2.1 mm.; length of hind limb 16.8 mm.: length of

fore limb 10.0 mm.
Range. Known from southeastern Bohol Island.

Brachymeles gracilis taylori Brown.

Brachymeles gracilis taylori, Brown, 1956, Breviora, Mus. Comp. Zool., Harvard University,

no. 54, p. 13 ; Cuernos de Negros, Negros Oriental ; holotype in the Division of Systematic

Biology, Stanford University.

Definition (based on sample from the southern Negros population): A
moderate-sized form of Brachymeles, 62.4 to 103.0 mm. in snout-vent length

for 25 mature specimens (a female measuring 62.0 mm. appears to be im-

mature); limbs moderate, length of hind limb about 16 to 22 percent of the

snout-vent length for 20 specimens, length of fore limb about 9 to 12^2 per-

cent of the snout-vent length; eye moderate, its diameter 43^/-: to 57 percent

of the snout length; the fourth upper labial the most anterior one to enter

the orbit; the anterior loreal usually separated from the first upper labial; 24

to 28 midbody scale rows; 8 to 10 lamellae beneath the fourth toe of the hind

limb for 20 specimens; 63 to 69 mid-dorsal scale rows between parietals and

base of tail; no dorsolateral light stripe; ventral scales usually with some

dark spots and blotches.

Range. The populations of Negros and Cebu islands are referred to this

subspecies.

Brachymeles gracilis mindorensis Brown and Rabor, new subspecies.

Holotype. Stanford University no. 24487, a mature female, collected

about 30 km. southeast of Calapan, Mindoro Island, Philippine Islands, April 21,

1963. by A. C. Alcala and party.

Paratypes. SU 24464-72, 24474-78, 24480-86, 24490, 24549-79; BM
1966.190; CAS 102399-400; FMNH 154813; MCZ 85761; SMF 59900;

USNM 159759. From same general locality as holotype.

Definition. A moderately large form of Brachymeles, 79.0 to 104.6 mm.

in snout-vent length for 24 mature specimens (a male measuring 75.0 mm.

and a female measuring 78.0 mm. in snout-vent length appear immature)

;

limbs moderate, the length of the hind limb about 17'- to 2?)V2 percent of

the snout-vent length for 20 specimens, the length of the fore limb about 9'->

to 13 V2 percent of the snout-vent length for 20 specimens; the eye moderate,

its diameter about 43 to 54 percent of the snout length: supranasals in con-

tact for 10 specimens, separated for 17: the fifth upper labial the most anterior

one to enter the orbit: the anterior loreal separated from the first upper labial:

26 to 28 midbody scale rows; 62 to 65 mid-dorsal scale rows between parietals

and base of the tail; a faint to moderate dorsolateral light stripe, evident in



542 CALIFORNIA ACADEMY OF SCIENCES [Proc. 4th Ser.

( *= Mountain Peak )

Brachymeles
gracilis faylori

Brociiymeies
gracilis gracilis

Brachymeles
gracilis bofiolensis

Brachymeles
gracilis mindorensis

^ Brachymeles
gracilis boulengeri

SAMAR

^' 50 100 Miles
'— I '

50 KX) 200 kilometers

Figure 3. Distribution of known populations of Brachymeles gracilis.
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about half the sample; ventral scales usually with some dark spots or blotches.

Measurements of holotype. Snout-vent length 110.0 mm.; axilla-groin

74.7 mm.; head length 13.2 mm.; head breadth 12.0 mm.; length of snout 5.5

mm.; diameter of eye 2.6 mm.; length of hind limb 19.2 mm.; length of fore

limb 10.6 mm.
Range. Known from northern Mindoro Island.

Brachymeles talinis Brown.

Brachymeles schadenbergi talinis Brown, 1956, Breviora, Mus. Comp. Zool., no. 54, pp. 17,

18; Cuernos de Negros, southern Xegros Island, holotype in the Division of Systematic

Biology, Stanford University.

Definition. A large species of Brachymeles, snout-vent length 109.0 to

140.5 mm. for 13 mature specimens from Negros; limbs pentadactyl; rather

well developed, length of hind limb about 19 to 26 percent of the snout-vent

length, length of fore limb about 11 to 14 percent of the snout-vent length;

supranasals usually in contact (20 out of 23 specimens); five supraoculars;

usually 30 to 32 midbody scale rows {23 of 24 southern Negros specimens) ; 67

to 72 mid-dorsal scale rows between parietals and base of the tail (table 4);

one or two (rarely three) scales separating the second pair of chin shields;

usually six full and two half dorsal scale rows, are dark brown or reddish

brown in color, bordered laterally by a more or less distinct light stripe which

is usually one full and two half scale rows in breadth. This stripe is distinct

anteriorly, where it is extended forward onto the supraocular region, even when

it merges posteriorly into the lighter color of the lower lateral surfaces.

Range. The type area of Negros Island and tentatively Luzon and Jolo

islands. Larger samples from this last population may, in the future, demonstrate

that it is a distinct subspecies or even species. Two specimens from Mountain

Province, Luzon Island (CAS 61378-79), exhibit close affinities in most

characteristics (table 4). The specimen (FNHM 2257) from Mt. Canlaon

in northern Negros, originally assigned to this species is an example of tjie

northern Negros population of B. gracilis taylori.

Brachymeles hilong Brown and Rabor, new species.

A population which was discovered by the junior author and his field party

in the Diuata Mountains in the extreme northeastern part of ISIindanao Island

during the 1963 expedition represents a previously undescribed species.

Holotype. Stanford University no. 24407, a mature male, collected at

Hilong-hilong Peak, Agusan Province, Mindanao Island, Philippine Islands,

March-May, 1963, by D. S. Rabor and party.

Paratypes. SU 24408, 24410-11; CAS 102406; FMNH 142461-85 from

the same locality as the holotypes; SU 24315-16 collected at Sibuhay, Diuata

Mountains, Surigao Province, Mindanao Island, May, 1963, by D. S. Rabor

and party.
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Table 4. Pertinent measurements and scale and digital counts for Brachymeles hilonp;, B. bi-

color and B. talinis.

(Number in parentheses = number of individuals from sample.)
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Color (in preservation). Dorsum and upper lateral surfaces dark brown,

usually with a faint, irregular margined dorsolateral stripe evident, at least

anteriorly; venter lighter brown, but individual scales, especially beneath the

head and along the midventral area, with small blackish spots along the pos-

terior margin.

Measurements of holotypes. Snout-vent length 69.8 mm.; head length

9.1 mm.; head breadth 7.8 mm.; length of snout 3.9 mm.; length of fore limb

6.8 mm.; length of hind limb 12.8 mm.

Comparisons. This species is related to B. gracilis and B. schadenbergi,

differing from each in different characters. In its small size at maturity, it is

similar to B. gracilis from southern Mindanao and quite distinct from B.

schadenbergi (tables 2-4). In the indication of a light dorsolateral stripe, the

entrance of the fourth labial into the orbit and the narrower supranasals which

do not separate the rostral from the prefrontal, this species is also more similar

to B. gracilis from southern Mindanao. The number of mid-dorsal scale rows

between parietals and base of the tail is typically greater than for B. gracilis

and corresponds to that for B. schadenbergi. The number of midbody scale rows

is greater than that for B. gracilis and also corresponds to that typical for B.

schadenbergi.

Brachymeles bicolor ( Gray

)

Senira bicolor (part) Gray, 1846, Cat, Lizards Brit. Mus., 1845, p. 98. Philippine Islands;

holotype in the British Museum (Natural History).

Neither the exact location nor the range of any population of B. bicolor is

known. The holotype and a second specimen in the British Museum have no

more specific locality data than "Philippines." Taylor based his description on

a specimen in the Santo Tomas Museum, Manila. The locality data for this

specimen was also limited to "Filipinas." Our field work on most of the larger

islands of the archipelago during the past 10 years has not produced any further

records of this distinctive species.

Definition. A large species of Brachymeles, three mature specimens mea-

sure 151 to 155 mm. in snout-vent length; head scarcely broader than neck

region; limbs much reduced but pentadactyl, length of hind limb 10 to 11

per cent of snout-vent length for two specimens; digits short; five or six

lamellae beneath the fourth toe of the hind limb; supranasals and frontoparietals

in contact; prefrontals barely to moderately separated; postnasal present;

fourth upper labial most anterior one to enter the orbit; five supraoculars; 2'&

scale rows around middle of body (three specimens); 92 to 94 mid-dorsal scale

rows between parietals and base of the tail; dorsal 10 or 10 and 2 half-rows of

scales are dark reddish brown; lower lateral surfaces and venter, very light

creamy white to yellowish in preservative.
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Key to the Species of Brachymeles

1

.

Limbs pentadactyl 2

Limbs absent or with less than 5 digits on either fore or hind limbs 6

2. Mid-dorsal scale rows between parietals and base of tail more than 90 B. bicolor

Mid-dorsal scale rows between parietals and base of tail less than 80 3

3. Midbody scale rows 26-32; scale rows between parietals and base of tail 67-74

(rarely less than 68) -— 4

Midbody scale rows 24-28; scale rows between parietals and base of tail 61-68

(rarely more than 66) _._ B. gracilis

4. Dorsolateral stripe, extending anteriorly through the supraocular region; 28-32

(usually 30) midbody scale rows; usually not attaining maturity until more than

95 mm. in snout-vent length B. talinis

Dorsolateral light stripe lacking; 26-28 (very rarely 30) midbody scale rows;

usually attaining maturity between 60.0 mm. and 90.0 ram. in snout-vent length 5

5. Snout-vent length at maturity 60.0 to 70.0 mm.; supranasals small, widely separated;

anterior loreal and first upper labial usually in broad contact B. hilong

Snout-vent length at maturity 80.0 mm. or more; supranasals large, in contact or

narrowly separated; anterior loreal separated from or in narrow contact with the

first upper labial , _ B . schadenbergi

6. Hind hmbs with 4 digits; fore limbs with 5 B. pathfinder!

Both fore and hind limbs with fewer than 5 digits _ _ _. 7

7. Fore and hind limbs with 4 digits 8

Either fore or hind limbs with less than 4 digits ._.. __ 9

8. Midbody scale rows 22; mid-dorsal scale rows between parietals and base of tail

less than 90 (83 to 85 for known examples) B. elerae

Midbody scale rows 28; mid-dorsal scale rows between parietals and base of tail

greater than 90 (102 for known examples) B. wrighti

9. Fore and hind limbs with 3 digits; frontoparietals separate B. tridactylus

Either fore or hind limbs or both with less than 3 digits; frontoparietals usually

in contact ..10

10. Fore limbs with 3 digits and hind limbs with 2 ; mid-dorsal scale rows between

parietals and base of tail scale rows usually less than 90 B. cebuensis

Both fore and hind limbs with 2 or fewer digits (very rarely 3) ; midbody scale

rows usually greater than 90 11

11. Both fore and hind limbs usually with 2 digits (rarely 1 or 3, but not on all limbs)
;
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number of mid-dorsal scale rows between parietals and base of tail less than 100

- B. samarensis

Fore and hind limbs without digits (rarely 1, or limbs absent) ; number of mid-

dorsal scale rows between parietals and base of tail usually more than 100 12

12. Limbs without digits or rarely 1 digit B. bonitae

Limbs absent B. vermis
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Introduction

Since the appearance of Boeke's summary article (1934) on the comparative

anatomy of the sense organs and Jaburek's (1926) classical contribution on

the nerve endings in the reptilian epidermis, there have been but few—and these

inconclusive—articles on the subject of the innervation of reptilian skin. The

task of interpreting and describing the innervation of the reptilian skin has been

greatly facilitated by the recent excellent studies on the structure of reptilian

skin by Maderson ( 1965a).

For the past decade in our laboratory we have investigated and reported

upon the innervation of the skin, deep connective tissues, bones, and the heart

of man and a variety of mammals (Miller and Kasahara, 1964, 1963; Miller

et al., 1960; Ralston et al, 1960; Miller and Kasahara, 1959a, 1959b; Miller

et al., 1958). This experience in the techniques of staining nerve endings and in

the interpretation of neurohistological structure has been of great benefit in the

study of reptilian skin innervation.

Materials and Methods

General skin structure was studied by fixing pieces of skin from freshly

sacrificed animals in 10 percent neutral formalin or Bouin's solution. After

paraffin embedding and sectioning, the tissues were stained using a variety of

procedures (hematoxylin and eosin. iron hematoxylin aniline blue, and van

Giesen's being the usual stains used to study the epidermal and dermal elements).

1 This work was supported by United States Public Health Ser\'ice Grants No. GM 10649-01 and 02

and XB-05532-01 and 02.

[549]
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Nerve fibers and endings were demonstrated in some cases by staining

formalin-fixed skin according to Bodian's Protargol Method. Silver staining

of nerve fibers is particularly useful to demonstrate the relationship of nerve

fibers and endings to other cellular elements. In the great majority of cases,

nerve fibers and endings were demonstrated by methylene blue staining. In

our experience we achieved better results with simple methylene blue immersion

rather than with intracardiac perfusion. Fairly large (2X2 cm.) segments of

skin from which most of the underlying muscle and subcutaneous tissue had

been carefully removed were immersed in 0.01 percent methylene blue in physi-

ological saline solution for 20 to 30 minutes. To prevent the skin piece from

curling, it was often stretched and pinned on a small cork strip, and the cork and

the skin both immersed in the methylene blue solution. After immersion, the skin

strips were exposed to the air for 3 to 5 minutes and then placed in chilled

(40° F.) 8 percent ammonium molybdate overnight. The next day, the skin

pieces were washed in six changes of iced tap water over a period of 60 minutes,

rapidly dehydrated in ethyl alcohol, cleared in xylene, and then placed, stored,

and studied in benzyl benzoate.

Skin from the following species was studied:

Iguanidae

Anolis caroUnensis

Sator grandaevus

Sceloporus occidentalis

Agamidae

Agama agilis

Calotes versicolor

Anguidae

Gerrhonotus multicarinatus

Varanidae

Varanus bengalensis

Varanus griseus

Gekkonidae

Gecko gecko

Hemidactylus species

Phelsuma madagascariensis

Teratoscincus scincus

Scincidae

Liolopisma laterale

Xantusiidae

Xantusia vigilis

Observations

To understand best the cutaneous innervation of lizards, or for that matter,
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the skin of any vetebrate, one must establish a point of reference. As is the case

for many other anatomical systems, the innervation of the skin of man and

mammals has been much more studied and is better understood than it is in

that of any other vertebrate group.

Figures 1 and 2 present in diagrammatic fashion the essential features of

the innervation of human skin. In figure 1 the pattern of innervation of glabrous

or nonhairy skin is presented. Here, one sees that a basic triad of nerve endings

are related in a specific way to the epidermal and dermal elements. From small

myelinated nerve fibers there are simple tapering unbranched or few branched

terminals—these are the so-called free-fiber nerve endings. In man and mammals

these terminals extend between the lower epidermal cellular layers and usually

terminate in the stratum granulosum. These type nerve endings are also abun-

dant in the dermal connective tissue. From medium-sized myelinated nerve

fibers, endings with enlarged or expanded tips end in close apposition to a

specialized undersurface of the lowermost layer of cells of the stratum germi-

nativum (the combination of an expanded-tip nerve ending in association with

a specialized epithelial cell constitutes the so-called JNIerkel's disc). In the

glabrous skin of man, groups of expanded-tip endings are usually associated

with the basal epidermal cells in the sweat gland ridge areas. In the dermis of

the glabrous skin, as well as in many connective tissue areas of the mammalian

organism, groups of expanded-tip type endings form a category of what one may
term complex unencapsulated endings. In the human glabrous dermis, the Ruffini

ending is a typical representative of this type of ending. Complex unencapsu-

lated endings in the connective tissues of fasciae, aponeuroses, tendons, joint

capsules, and periosteum make up the so-called "stretch receptors."

Encapsulated endings derived from medium-sized myelinated nerve fibers

occur in the dermal papillae (Meissner's corpuscles), just under the epidermis

(Krause end bulbs), or in the deeper dermis (Vater-Pacinian corpuscles).

In the hair-covered skin of man and mammals (fig. 2) one finds the same

triad of nerve endings that occurs in the naked skin, but in the hairy skin the

endings are related differently to the skin and hair elements. Free-fiber

terminals extend and end between the lower epidermal cell layers, terminate in

the dermal connective tissue, and are found in the connective tissue sheath of

the hair follicle. Expanded tip or complex unencapsulated nerve endings are

associated only with the cells of the outer root sheath of the hair follicle, and

never with the epidermis proper. As a rule, neither complex unencapsulated nor

encapsulated nerve endings are found in the hairy skin. The skin of the human

breast is an exception to this rule, however (Miller and Kasahara, 1959).

Observations on the skin of mammals other than man reveals that the in-

nervation of the hair-covered skin is very similar to that of man. In specialized

areas, such as in snouts and footpads, there are certain variations in the nature

of the innervation. A good example is the abundance of expanded-tip t\^De end-
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Figure 1. A diagrammatic vertical section of the epidermis and underlying dermis and
the associated nerve endings in the human fingertip. Two papillary ridges are shown. Two
sweat glands (SG) are shown in the dermis. Their ducts proceed toward the skin surface



Vol. XXXIV] MILLER AND KASAHARA: NERVE ENDINGS IN LIZARDS 553

ings that are associated with the epithelial cells of snout tissue, or with the

"Elmer's" organ of the mole's nose.

The cutaneum of lizards is different from that of mammals in that there are

no hairs (properly speaking) and the lizard scale is a modified type of glabrous

skin. The essential skin elements are an underlying dermis of variable thickness

overlaid by a basically three-layered epidermis. Depending on the physiological

state of the skin, the epidermis may be composed of but three layers, or, just

before sloughing, the epidermal elements may be duplicated (Maderson, 1965b).

The epidermis consists of a basal layer of living cells, few or several cell layers

thick, a loose or alpha keratin layer in the middle, and on the surface, a more

dense beta keratin layer.

Just as in any vertebrate animal, the nerve fibers that supply the cutaneum

form a plexus in the deeper portion of the cutis. The road map-like pattern of

the cutaneous nerve plexus is demonstrated in figure 4.

The same basic triad of nerve endings that are found in the skin of man and

mammals are found in the skin of lizards. The exact form, disposition, and pat-

tern of arrangement of the nerve endings are somewhat different, however

(compare figs. 1,2, and 3).

Small tapered nonexpanded free-fiber nerve endings that are so common in

and enter the base of the intermediate epidermal ridge (IR). The coiled sweat-gland duct

progresses upward through the epidermal strata and opens in the central portion of the

papillary ridge. The epidermis extends most deeply into the dermis in the region of the

intermediate ridge (IR). At the lateral edge of the papillary ridge is another epidermal ridge

projecting into the dermis, the limiting (LR) or anchoring ridge. The upward dermal

projections between the intermediate and lateral ridges form the dermal papillae (DP). A

dermal papilla is seen on each side of intermediate ridge of left papillary ridge. Dividing

the papillary dermis transversely are septa (S) connecting the intermediate and Hmiting

ridges. Partitions may further subdivide the papillae.

Ruffini endings (R) are found in the dermis. Free nerve endings (f) are encountere^d

in the dermis, the dermal papillae, and the epidermis. Krause end bulbs (K) are usually

located just under the epidermis. Meissner's corpuscles (C) occur in the dermal papillae.

Merkel's discs (M) are closely associated with the lowermost layer of cells of the epidermis

in the region of the intermediate ridge (IR) and the septa (S). SPP is the subpapillary plexus.

This figure is adapted from figure 1 in Miller et al., 1960, and reproduced with permis-

sion of the authors and Pergamon Press.

Figure 2. A diagrammatic vertical section of the hairy skin of the human extremities

showing the relation of the nerve endings to the epidermis and hair follicles. Free nerve

endings (f) are seen terminating in the shallow dermal papillae or between the epidermal

cells. The hair folhcle is innervated by both the freely terminating tips of the branches of

the circular (C) fibers and the expanded tips of the pahsade (P) fibers. The hair folhcle

on the right shows some expanded tips associated with the circular fibers, an uncommon

occurrence.

This figure is adapted from Miller et a/., 1960, and is reproduced here with permission

of the authors and Pergamon Press.
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Figure 3. A diagrammatic vertical section of the epidermis and underlying dermis in

a lizard. This is a composite representation and while all the following types of nerve

endings might be found in one area, specific types of endings are usually more abundant

in some parts of the body than in other areas.

Extending into and ending between the living epidermal cell layers are expanded-tip

nerve endings (terminal expansions). These terminal intraepidermal expansions are rela-

tively large and are abundant in all reptilian epidermis. In the dermis are free-fiber terminals

;

these are the endings of small- to medium-sized myelinated nerves that end as simple

tapered nonexpanded tips, and occasionally may extend into the lower epidermal cell layer.

In the upper portion of the dermis directly below the hinge region (area between two

scales) is a nerve ending labeled (bifurcated terminal). In the hinge area to the right is a

simple terminal (unlabeled). These nerve endings may be small encapsulated nerve endings

(see text).

The structures labeled (C. U. E.) are complex unencapsulated nerve endings and are

found in the dermis and deeper body connective tissues.

An encapsulated nerve ending is labeled in the upper dermis. Such nerve endings are

usually found only in the dermal tissue of the head area.

the epidermis of man and mammals occur frequently in the dermis of lizards

(figs. 12 and 13), but only infrequently extend into the epidermis. As occurs in

man and mammals, however, small free-fiber endings are abundant in all the

deeper connective tissues of both somatic and visceral structures.

It might be interjected at this point that we have never observed sensory

endings of amyelinated fibers in the cutaneum of either reptiles or mammals, but

have found such terminals in the deeper connective tissues of both these animal

groups.
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The most abundantly occurring type of nerve ending in the skin of lizards is

one derived from small- to medium-sized myelinated nerve fibers which originate

in the subcutaneous plexus and then project into the epidermis (figs. 5-8). The

terminals of these nerve fibers may be one or several quite large expanded tips

that are most frequently located between the epidermal cells of the uppermost

layers of the living cell layer of the epidermis. INIany fibers, however, form

expansions along the course of the nerve fiber so that some terminal expansions

do occur in the lower layers of the epidermis.

In our opinion, the terminal expansions bear no special relationship to the

epidermal cells, and are, therefore, unlike the Merkel's discs of mammalian skin

where the epithelial cells are modified at the point where they contact an

expanded nerve terminal. Jaburek (1926), in his classical article on the nerve

endings in reptilian skin, expounds at great length on the intracellular location

of the expanded-tip endings. While it did not appear to us that either the nerve

fibers or the nerve terminals were intracellularly located, Munger (1965) has

shown recently in ultrastructural studies of the Merkel's discs in the opossum

snout that intraepidermal nerve fibers may be enclosed by epidermal cell proc-

esses in much the same way as amyelinated neurones are ensheathed by Schwann

cells.

The exact relationships of the intraepithelial nerve fibers and endings and the

epidermal cells in reptiles will not be determined until ultrastructural investi-

gations are undertaken.

In the absence of experimental evidence, it is not possible to say whether

the intraepidermal expanded-tip nerve endings of lizards (and other reptiles as

well, Jaburek, 1926) are functionally homologous to the tapered-tip free-fiber

endings of the mammalian epidermis, or, are rather more related to the Merkel's

discs which are associated with the underside of the human epidermis, or the

epidermal cell layers of mammalian snout tissue. The possible functional ca-

pacities of these fibers are discussed below.

For the time being we shall refer to the intraepithelial nerve endings of

reptiles as expanded-tip terminals and not assume any structural or functional

correlation with mammalian type nerve endings.

The intraepithelial expanded-tip endings seem to be more abundant in the

scales of the head and shoulders, but are found over the entire body. It is

interesting that the specialized "sensory spots" of the varanid lizards are well

endowed with expanded-tip terminals (fig. 7). More concerning these special-

ized areas will be described below.

We have observed a peculiar type of nerve ending that seems to be most

common in the dermis of the hinge region (the area between any two scales).

This ending is a simple or bifurcated structure and is derived from a medium-

sized myelinated fiber (fig. 14). This ending sometimes appears to have a

halo about it as though it were an encapsulated ending. Thus, it may be closely



SS6 CALIFORNIA ACADEMY OF SCIENCES [Proc. 4th Ser.



Vol. XXXIV] MILLER AND KASAHARA: NERVE ENDINGS IN LIZARDS 557

analogous to the Meissner's corpuscle or Krause end bulb of the mammalian

dermis.

Complex unencapsulated endings are found in the dermis, subcutaneous

tissue, fascial sheets, and perimysium of lizards (figs. 15-17). These endings,

both structurally and in their location, are almost identical to those found in

man and mammals (see Ralston et al., 1960), and are shown in the turtle,

Trionix sinensis, by Hin-Ching and Maneely. 1962.

Encapsulated nerve endings remarkably similar to those found in mam-

malian tissues are present in the deep dermal tissues in the region of the eye-

lids, ventral Hps, and snout of lizards (figs. 18-20). Other than in these areas,

encapsulated nerve endings have not been found in the cutaneum of lizards.

They are probably widely distributed throughout the deeper connective tissues

of the lizard body as they are in mammals, but we have not investigated this

point in lizards.

The glabrous skin of primates and certain other mammals have modifications

in the form of dermal papillae. These are projections of dermal connective

tissue ( fig. 1 ) into bays or indentations of the epidermis which contain both

vascular and neural elements. Most primate dermal papillae contain en-

capsulated nerve endings of the IMeissner corpuscle type.

The skin of reptiles does not possess dermal papillae, but has specialized

areas which, while not structurally homologous to the dermal papillae, are

probably functionally similar.

Such specialized ''tactile" or "sensory" spots have been described in a

wide variety of reptiles (Maurer, 1895; Plate, 1924; Jaburek, 1926). In

general, these areas consist of localized groups of epidermal cells that are much

taller and better innervated than the surrounding unmodified epidermis, and

the overlying keratinized skin layers are either thinner or thicker than in the

unspecialized skin, or form "hair-like" projections.

From our experience we believe that the "sensory" structures vary mainly

according to the modification of the keratinized cells that overlie the specialized

underlying columnar epithelial cells. If the overlying keratinized layer is thin

and a depressed area is formed, one might refer to this structure as a "sensory

pore" (as found in Sator and Xantusia). If the overlying keratinized layer,

particularly the beta keratin is thickened, a "sensory plaque" is formed (this

<-

Figure 4. Phelsuma madagascariensis. Methylene blue. X225. The deep dermal plexus

of nerve fibers from which nerves are supplied to the dermis and epidermis.

Figure S. Varaniis griseus. Methylene blue. X450. Expanded-tip nerve endings in the

upper portion of the living cell layer of the epidermis from a ventral body scale. Note that

the nerve fibers may have expansions along their course, but that the largest expansions are

usually terminal and the highest in location. Compare this frontal view with a longitudinal

skin section in figure 6.
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Figure 6. Varanus griseus. Methylene blue. X650. A longitudinal section through a

specialized skin spot of a lip scale. The black area in the lower portion of the photograph

is the dermis. Note the nerve fibers coursing upward through the living epidermal cell

layers. Smaller expansions are observed in the course of the fibers as they extend upward.
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Structure is characteristically found in the scale of varanid lizards), or, if

the keratinized epithelium forms a thin projecting bristle-like process, or

processes, a "hair-like" organ is formed; the latter are characteristic of most

agamids, some gekkonids, and a few iguanids. Further study of the detailed

structure and the species distribution of specialized skin sensory areas is needed.

The "sensory plaques" of the varanid lizards are grossly visible lighter

appearing circular areas. In the head region there may be one or several such

areas within a single scale. In the lip scales there are three or more such

specialized areas in each scale. However, on the body scales they appear singly

and consistently at the caudal end of the scale. An ordinary histological

section through such an area is seen in figures 9 and 10. One may observe

that in the specialized area, the living epidermal cells are much taller than the

ordinary epidermal cells. How else these epidermal cells may be modified is

not demonstrable by light microscopy. These cells are very well innervated,

and in essentially the same manner as are the nonspecialized epidermal cells

(figs. 7 and 10). Perhaps the number of nerve fibers and endings is more

abundant in these areas, but we have not made a quantitative study of this

point.

Overlying the tall columnar cells of the varanid specialized area is a thin,

loose, alpha keratin layer, and a thick, almost lenslike beta keratin layer. Be-

cause of the lenslike appearance of the beta keratin layer, one might postulate

that this area might be sensitive to some type of radiant energy. On the other

hand, this structure might serve no other function than that of a relatively

sensitive tactile organ.

The "hair-like" organs of agamids, gekkonids, and iguanids are found

usually near or on the scale edges and are characterized by a group of high

cylindrical epidermal cells overlaid by a very specialized "hair-like" projection

made up of the keratinized cell layers. In figure 11 the "hair" is seen to be

separated from the underlying epithelial cells; this separation is artifactitious

due to the preparation of the sections, and actually, the keratinized "hair-like"

process is firmly attached to the underlying columnar epidermal cells.

The large expanded tips are seen near the top of the living cell layer, just beneath the

alpha keratin layer. Compare with figure 5.

Figure 7. Varanus griseus. Methylene blue. X425. The circular area is a specialized

skin "plaque" or spot characteristic of the varanid lizards. The overlying keratinized layers

are more clear than in the surrounding unspecialized epidermis probably due to the more

regular arrangement of the keratinized epithehal cells. The plane of focus is at the level

of the uppermost living cell layer and here one sees numerous nerve fibers with their ex-

panded-tip terminals ending between the tall columnar cells (compare with figures 9 and 10).

Figure 8. Sator grandaevus. Methylene blue. X525. The plane of focus is at the upper

layer of living epidermal cells. Visible in the field are the expanded-tip endings of several

fibers. With light microscopy we are unable to determine the exact nature of these nerve

endings.
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FiGLKE y. Varaiiui bcniiaknsis. Van Giesen's stain. X425. Section through a specialized

area of the skin near the pineal eye of a varanid lizard to show its structure. The living

epidermal cell layer is clearly seen in the upper middle part of the photograph. Notice that
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While expanded-tip nerve endings were observed to be abundant in the

speciahzed living cell layer of the varanid sensory areas, we were not able to

demonstrate such endings in the "hair-like" organs. Nerve fibers were seen

supplying the base of the organ, but we did not see the terminals. However,

we feel that the region of the epidermal cells of the "hair-like" organ is in-

nervated in essentially the same way as any other specialized area.

Discussion

The studies of Jaburek (1926) on the innervation of the skin of lizards,

snakes, turtles, and the alligator, and those of Hulanicka (1913. 1914) on

the skin of turtles and crocodiles are in essential agreement with our observa-

tions. In the skin of lizards, as well as in the skin of other reptiles, the most

numerous nerve endings are the expanded-tip endings of small- to medium-

sized myelinated fibers. These nerve terminals are found in the upper living

cell layers of the epidermis over most of the reptilian body. In no other

vertebrate order is there such an abundance nor so large expanded-tip type

nerve endings found in the epidermis. This type of epidermal innervation is

apparently unique to the reptiles.

Neither of the above workers {op. cit.) described nonexpanded tip (taper-

ing terminals) endings in the reptilian epidermis, and we found them only

infrequently. Thus, the common reptilian epidermal expanded-tip nerve ending

is replaced in the mammalian epidermis, by a nonexpanded tip, or tapered-tip

free-fiber ending. The comparative functional capacities of these types of

nerve endings is discussed below.

Both Jaburek and Hulanicka {op. cit.) did describe Merkel-like tactile discs

in the lower epidermal and upper dermal layers of turtles and snakes, but not

in lizards. We also failed to find tactile discs in our lizard material.

As we found in the head region of lizards, Hulanicka (1913, 1914) also

found encapsulated nerve endings in the head area of the crocodile and turtle.

Jaburek (1926) and we both found that the specialized sensory skin organs

of varanids are well innervated by expanded-tip nerve terminals. Jaburek also

the cells of the specialized area in the upper center of the photo are much taller than the

adjacent epithelial cells. Below the living epidermal cell layer is a relatively thick dermis

with black-appearing processes of chromatophores in the upper dermis and heavy strands

of collagen fibers coursing at right angles to one another making up the bulk of the dermis.

The middle, loose, or alpha keratin layer directly overlying the hving cell epidermal

cells is thinner over the specialized columnar cells, while the overlying beta keratin cell

layers form a thicker, seemingly more regularly arranged "lenslike" area.

Figure 10. Varanus bengalensis. Bodian Protargol Silver. X950. A section through a

specialized area of varanid skin showing silver-stained nerve fibers (nf) coursing upwards

through the underlying dermis to supply the overlying specialized columnar sensory cells.

Figure 7 shows the nerve terminals in such a specialized area.
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shows that wherever such specialized areas are found in reptihan skin, the

tall epidermal cells are abundantly innervated by expanded nerve terminals.

While there is no experimental evidence to indicate what the possible function

of the specialized areas in any reptile might be, the structure of these areas

would suggest that they are most likely relatively sensitive tactile organs,

functionally analogous to the mammalian dermal papillae with their contained

Meissner's corpuscles. Further, the lenslike quality of the overlying beta

keratin layer of the varanid organ has led us to speculate that these areas

might also be sensitive to some type of radiant energy.

The general structure of the special "hair-like" organs of gekkonids,

agamids, and some iguanids were much studied by Schmidt (1920), and more

recently discussed by Elias and Bortner (1957). The innervation of the epi-

thelial cells of the "hair-like" organs has not been well described, but we

believe that they are innervated by the same type of expanded-tip terminals

that one finds in the general living epithelial cells of reptiles.

For the moment we believe it most likely that when the "hair-like" projec-

tions are moved, a deformation of the underlying epidermal cells is produced,

and the structure thus functions as a tactile organ.

While the specialized "hair-like" sense organs of certain lizards are made

up of various epidermal components, just as is the true hair of mammals, we

hesitate to homologize these structures. The lizard "hair-like" organs are

similar in many ways to mammalian hairs, but they are found in species that

are far removed from the ancestral mammal-like reptile. Because of the minor

anatomical differences between these "hair-like" organs and mammalian hairs,

we would rather consider them as closely analogous, and not homologous struc-

tures.

The argument in favor of the homologous nature of the "hair-like" organs

of lizards and the mammalian hair is presented by Elias and Bortner (1957)

and very completely discussed by Botezat (1914) and Maurer (1923).

Even in mammals we are not yet sure of the relationship between the types

<-

Figure 11. Calotes versicolor. Bodian Protargol Silver. X300. \ section through a lip

scale to show the general structure of a "hair-like" organ. Note that the living epidermal

cells in the "hair" region are tall columnar in shape. Formed from the overlying keratinized

cell layers is a "hair-like" process. The space or separation between the keratinized layers

and the living epithelial cells is artifactitious due to preparation of the section.

Figure 12. Teratoscincus scincus. Methylene blue. X400. A branched tapered-tip free-

fiber terminal in the superficial dermis.

Figure 13. Sator grandaevus. Methylene blue. X250. Tapered-tip free-fiber nerve

endings in the upper dermis. Sometimes these fibers may extend into the living epidermal

cell layer.

Figure 14. Xantusia vigilis. Methylene blue. X650. A specialized nerve terminal in

the upper dermis that may be an encapsulated type. Note the clear area or "halo" about

the nerve tip. These endings are most frequently seen in the hinge region between two scales.
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of nerve endings and their particular function. At the present time, the

majority opinion (Rose and Mountcastle, 1959) holds that small myelinated

or amyelinated free-fiber endings are related to pain phenomena, free-fiber

endings of small myelinated fibers with thermal (heat and cold) perception,

and tactile discs (Merkel's discs), complex unencapsulated endings, and en-

capsulated endings such as Meissner's corpuscles and Krause end bulbs with

tactile sensibility, if peripheral in location, or with tissue position (propriocep-

tion) if more deeply located. Xot only is there nerve ending specificity, but

also the total pattern of innervation is important, and the central analysis of

peripheral signals is as much dependent on receptors especially sensitive to

different types of stimuli as it is to the spatial orientation of nerve endings.

While in man and mammals there are large numbers of small tapered-tip

free endings located both in the epidermis and dermis, in reptiles we find but

few such endings, and these are largely dermal in location. Physiological

experiment indicates that such types of nerve endings are probably associated

with pain and thermal sensibility in mammals. Since these t3^pes of endings

are rarely observed in reptiles, one might conclude that these animals are rela-

tively insensitive to pain, heat, or cold. Such an interpretation is probably

unwarranted, and it would seem much more likely that the ubiquitous expanded-

tip epidermal nerve endings of reptiles are capable of mediating several sensory

modalities. This interpretation fits well with the observations of Weddell (1960)

on corneal nerve endings and with those of Lele et al. (1958) on the innerva-

tion of the integument of the amphioxus. Until the somatic sensory capacities

of reptiles are more thoroughly investigated, our understanding of the evolution

of sensory mechanisms must necessarily remain speculative and incomplete.

We believe that the observation of greatest significance in this study of

the innervation of the skin of lizards is that the same basic types of nerve

endings are found in this order of reptiles that are found in the skin of man
and other mammals. There are minor variations in the exact morphology of

the types of specific nerve endings, and particularly, there is variation in the

number and disposition of the nerve endings, but the same basic triad of small

Fic.URE 15. Xantusia vigilis. Methylene blue. X375. Complex unencapsulated endings

in the connective tissue sheath or fascia overlying skeletal muscle fibers.

Figure 16. Teratoscincns scincus. Methylene blue. X200. Complex unencapsulated

ending in deep dermal connective tissue of head region.

Figure 17. Varanus griseus. Methylene blue. X350. Complex unencapsulated ending in

the deep dermal connective tissue of the ventral snout.

Figure 18. Varanus griseus. Methylene blue. X350. Encapsulated nerve ending in the

dermal connective tissue of the ventral snout.

Figure 19. Varanus griseus. Methylene blue. X125. Encapsulated nerve ending in the

connective tissue of the dermis of the eyelid.

Figure 20. Varanus griseus. Methylene blue. X175. Encapsulated nerve ending in the

conjunctival connective tissue.
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free-fiber, expanded-tip (complex unencapsulated), and encapsulated endings

are found in both these groups of vertebrates.

Correlations between the different types of cutaneous nerve endings and

their possible function is even more speculative in reptiles than it is in man
and mammals. A great deal more structural, physiological, and psychological

analysis is necessary before we may better correlate neural structure and

function.

Summary

The skin of lizards is innervated by the same basic types of nerve endings

that are found in the skin of mammals. Tapered-tip or free-fiber terminals

of small myelinated nerve fibers are common in the dermis and epidermis of

mammals, but are infrequently observed in reptiles.

The most abundant nerve ending found in reptilian skin is derived from

small- to medium-sized nerve fibers which extend into the living epidermal

cell layer and terminate in the upper portion of the living cell layers in

expanded-tip terminals. These terminals are apparently not associated with

any epidermal cell modifications. Whether the intraepidermal terminals of

reptiles are homologous to the intraepidermal tapered-tip endings of mammals

is not known. While we did not observe any Merkel's disclike endings in

lizard skin, these have been described by other workers in turtles and croco-

diles. Complex unencapsulated nerve endings are present in the dermis as

well as the deeper connective tissues. Encapsulated endings were observed

in the dermis of the hinge region and the head.

Specialized "sensory" areas are common in a variety of lizards. In such

areas, the living epidermal cells are taller than in the nonspecialized skin.

These cells are well innervated by expanded-tip nerve terminals. The overlying

keratinized layers in these specialized areas may be either thinner, or thicker,

than in the unspecialized skin. In the varanid lizards the beta keratin layer

is thick and the regularly arranged cells impart a "lenslike" quality to the

structure.

"Hair-like" organs are found in most agamids, some gekkonids, and a few

iguanid lizards. The living epidermal cells in these structures is high columnar

and probably well innervated with expanded-tip terminals. The overlying

keratinized epithelium forms a "hair-like" projection. The innervation of

Hzard skin is compared with that of mammalian skin and the possible func-

tional capacities of the various nerve endings is discussed.
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americanus, 460
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capriscus, 440, 456, 468, 469

fuscelineatus, 447

fuscolineatus, 449

fuscus, 439, 440

heckeli, 460

kibitar, 447

longissimus, 461

longus, 461

macropterus, 460

maculatus, 460, 463

melanopterus, 461

mento, 456, 460

munumum, 461

naufragium, 440

niger, 447, 453, 454, 455

nigra, 447, 453, 454, 455

notatus, 460

oculatus, 460

[Odonus] erythrodon, 455

piceus, 447, 456

polylepis, 429, 430, 433, 434, 435, 436,

437, 438, 439, 440, 463, 465, 468, 469

radula, 447, 453, 455

ringens, 453, 454, 455

rotundatus, 460, 463

rufus, 461

senticosus, 461

sillone, 447

[Sufflamenl chrysopterus, 455

um, 461

verres, 443

vetula, 468

vidua, 451, 452

willughbeii, 460, 463

Balistidae, 429, 430, 436

Balistoides, 433

barbata, Efferia, 175

Barbatus, 104

barbatus, Erax, 86, 108, 121, 164

basalis, Coenosia, 280

basingeri, Efferia, 139, 140, 141, 144, 150

basini, Efferia, 89, 178, 182, 185, 190, 191,

194, 195

bastardi, Efferia, 97

beameri, Efferia, 92, 93, 94, 95, 96, 97, 100

belfragei, Efferia, 94, 95, 96, 97, 101

Erax, 101

benedicti, Efferia, 85, 89, 178, 181, 185, 191,

194, 195

Erax, 191

bengalensis, Varanus, 550, 560, 561

Berry, Frederick H., and Wayne J. Baldwin,

Triggerfishes (Balistidae) of the East-

ern Pacific, 429-474

bexarensis, Efferia, 85, 177, 179, 182, 188,

189, 192

Erax, 192
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bicaudata, Efferia, 90, 163, 164, 165, 166,

167, 171, 172

bicaudatus, Erax, 121, 165, 171, 175

bicolor, Brachymeles, 531, 544, 545, 546

Efferia, 105, 106, 107, 108, 110, 111

Erax, 111

Pegomya, 268

Senira, 545

Binneya, 521

bipinnatum, Pilotrichum, 318

bispinosus, Melichthys, 447

Blossevillea galapagensis, 338

boholensis, Brachymeles gracilis, 536, 538,

540, 542

bonitae, Brachymeles, 526, 527, 529, 530,

547

Bostrychia, 338

boulengeri, Brachymeles, 531, 537, 540

Brachymeles gracilis, 537, 538, 540, 542

boylii, Peromyscus, 381

Brachymeles, 525, 526, 527, 528, 529, 531,

535, 536, 540, 541, 543, 544, 545

bicolor, 531, 544, 545, 546

bonitae, 526, 527, 529, 530, 547

boulengeri, 531, 537, 540

burksi, 526

cebuensis, 527, 529, 530, 546

elerae, 527, 531, 546

gracilis, 525, 531, 536, 537, 538, 540,

542, 545, 546

gracilis boholensis, 536, 538, 540, 542

gracilis boulengeri, 537, 538, 540, 542

gracilis gracilis, 537, 538, 540, 542

graciHs niindoreiisis, 536, 539, 541, 542

gracilis taylori, 537, 539, 540, 541, 542,

543

hilong, 531, 534, 543, 544

pathfinderi, 527, 531, 546

samarensis, 527, 528, 529, 530, 547

schadenbergi, 525, 531, 532, 533, 535,

545, 546

schadenbergi orientalis, 534, 535
schadenbergi schadenbergi, 532, 533, 534,

535
schadenbergi tahnis, 543

suluensis, 537

talinis, 531, 533, 534, 543, 544, 546

tridactylus, 527, 528, 529, 530, 546

vermis, 526, 527, 530, 547

wrighti, 527, 531, 546

brevissimus, Balistes, 461

Brown, Walter C, and Discoro S. Rabor,

Review of the Genus Brachymeles

(Scincidae), with Descriptions of New
Species and Subspecies, 525-548

bryanti, Efferia, 88, 122, 123, 124, 125, 129,

164, 165

Bryopsis indica triseriata, 338

buniva, Balistes, 455

Melichthys, 449, 451, 456

burksi, Brachymeles, 526

Burrowing Activities of the Scorpion Anur-

octonus phaeodactylus (Wood) (Scor-

pionida: Vejovidae), by Stanley C.

Williams, 419-428

Bursera, 316, 317, 503

Buteo galapagoensis, 367, 369

Butorides sundevalli, 367

cabeza, Efferia, 164, 165, 166, 167, 168

caerulea, Sardinops, 1, 79, 80, 81, 82, 83, 84

Calamaria schlegeli, 311

caliente, Efferia, 92, 93, 152, 153, 154, 155

californica, Efferia, 89, 178, 181, 183, 193,

194, 195

californicus, Erax, 193

californiensis, Alliopsis, 256, 257

Calliphoridae, 475

callona, Euxesta, 484, 485, 487, 490, 494,

495

Calotes versicolor, 550, 562, 563

Campylopus, 317

cana, Efferia, 178, 180, 183, 184, 185, 196

Candida, Efferia, 86, 122, 123, 124, 125, 130,

138

canella, Efferia, 89, 177, 179, 181, 182, 185,

194, 195, 197

canellus, Efferia, [sic], 85

Erax, 197

Cantherhines dumerih, 468

fronticinctus, 469

macrocerus, 468

pardalis, 469

pullus, 469

sandwichiensis, 469

tiki, 468

verecundus, 469

Canthidermis, 439, 463

longirostris, 461, 463
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maculatus, 429, 430, 432, 433, 434, 435,

436, 460, 461, 462, 463, 464, 467, 468

oculatus, 463

rotundatus, 462

sobaco, 463

sufflamen, 463, 468

viola, 461

canus, Erax, 196, 207

caiiyonensis, Pegomya, 260, 261

capistratus, Sufflamen, 445

capriscus, Balistes, 440, 456, 468, 469

Carinata, 88, 93, 151, 152, 153

carolinensis, Anolis, 550

Carpenter, Charles C, The Marine Iguana of

the Galapagos Islands, its Behavior

and Ecology, 329-376

Caudata, 163, 164

cavagiiaroi, Echiniscus, 320, 321

Euxesta, 484, 486, 487, 488, 489, 490,

491, 496

cebuensis, Brachymeles, 527, 529, 530, 546

Chelicerca, 499, 503

galapagensis, 500, 501, 503, 504

Chia, Fu-Shiang, Development of a Deep-Sea

Cushion Star, Pteraster tesselatus, 505-

510

Chiastocheta glauca, 255

solidiceps, 246, 247, 248, 249, 254, 255

Chrysomyia quadrisignata, 476

Chrysomyinae, 476

chrysopterus, Balistes [Sufflamen], 455

chrysospilos, Pseudobalistes, 443

ciliatus, Monacanthus, 469

cinerescens, Efferia, 108

Erax, 108

Cladonia, 317

clementei, Erax, 198

dementi, Efferia, 85, 178, 179, 182, 188, 189,

198

Clethrionomys, 407, 409

Cochliomyia macellaria, 475, 476
Coenosia basalis, 280

hilaris, 280

Coenosia (Limosia) fontana, 278, 2 79

(Neodexiopsis) hilaris, 279, 280

(Neodexiopsis) setilaniiiia, 280, 281

pectoralis, 280

collaris, Idiopholis, 307, 308, 309, 310, 313

complanatum, Lycopodium, 318

completa, Efferia, 86, 88, 121, 122, 123, 124,

125, 131, 132, 163, 164, 165

completus, Erax, 131

concolor, Efferia, 205

coneorda, Hylemya (Delia), 235, 238, 239,

242, 243

conirostris, Geospiza, 367, 369

Conolophus, 329

consolata, Hylemya, 245

consolata, Hylemya (Botanophila), 244,

245

conspicillum, BaHstes [Balistapus], 454

contracosta, Lymnaea, 511, 515, 519

convexifrons, Schoenomyza, 278

coquilletti, Efferia, 88, 92, 93, 177, 178, 180,

183, 198, 200, 207

Erax, 198

Cordia, 503

coriatlaiiis, Phaonia, 297, 299

cornea, Telhna, 517

coronatus, Macrobiotus harmsworthi, 325,

326,327

corvina, Limnophora, 286

costalis, Efferia, 153, 154, 155, 157

Erax, 157

coulei, Efferia, 139, 140, 141, 146
Craterarion, 521

pachyostracon, 521

crawfordii, Notiosorex, 424

Creagrus furcatus, 367

cressoni, Efferia, 151, 152, 153, 154, 155, 157

Erax, 157

cristatus, Amblyrhynchus, 329, 374

Amblyrhynchus cristatus, 330

Croton, 316, 317

cuervana, Efferia, 139, 147

cuervanus, Efferia, 85

Erax, 147

curvatum, Pisidium, 515

cygneus, Mytillus, 517

cynodon, Sphaerium, 515, 517, 520

Cypris, 512

dactylactra, Sula, 367

davisi, Efferia, 122, 123, 124, 125, 132

deceptor, Phaenicia (Viridinsula), 476, 478,

479

defecta, Pegomya bicolor, 272

Dendrophaonia, 295
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Deroceras, 516, 521

aenigma, 521

gracilis, 521

pachyostracon, 515, 521

deserti, Efferia, 88, 178, 181, 183, 199, 200

desertorum, Lispe, 246, 247, 284, 285

Determinants of Home Range in the Deer

Mouse, Peromyscus leucopus, by Wal-

ter Sheppe, 377-418

Development of a Deep-Sea Cushion Star,

Pteraster tesselatus, by Fu-Shiang

Chia, 505-510

Dialyta, 295

difficilis, Geospiza, 367, 369, 370

diffinis, Pegomya, 261

Diomedia irroratea, 367

Diplocystis, 504

Dipoides, 514

dissideiis, Pegomya, 261

dorsalis, Seriola, 35, 79

Dromicus sleveni, 367

dubia, Efferia, 85, 86, 202, 203

dubius, Erax, 202, 203

duboisi, Echiniscus, 322, 323, 324, 325

dumerili, Cantherhines, 468

duncani, Efferia, 106, 107, 108, 112, 113

duplicata, Pegomya, 264

duphcoides, Pegomya, 264

Echiniscoidea, 319

Echiniscoides, 319

sigismundi, 319, 320, 321

Echiniscus, 316, 319

cavagnaroi, 320, 321

duboisi, 322, 323, 324, 325

kofordi, 321, 324, 325

quadrispinosus, 322, 324, 325

viridis, 319, 320, 321

ecuadoreanus, Trylotus, 338

Efferia, 85, 86, 87, 89, 93, 120

aestuans, 86, 89, 94, 96, 97, 113

affinis, 86, 94

albibarbis, 86, 89, 106, 107, 108

ambiguus, 205

anacapai, 85, 121, 122, 123, 124, 125,

126
anomala, 85, 86, 121, 122, 123, 124, 125,

126, 138

aiitiochi, 92, 93, 122, 123, 124, 125,

126, 127, 128

apache, 92, 93, 139, 141, 142

apicalis, 95, 96, 97, 98, 99

argentifrons, 89, 177, 181, 183, 185

argyrosoma, 89, 177, 181, 183, 186

arida, 139, 140, 141, 143

armata, 105, 106, 107, 109, 110, 111

armatus, 113

aurimystacea, 95, 96, 97, 99

auripila, 178, 180, 182, 184, IBS, 187

azteci, 88, 121, 122, 123, 124, 125, 128

barbata, 175

basiiigeri, 139, 140, 141, 144, 150

basini, 89, 178, 182, 185, 190, 191, 194,

195

bastardi, 97

beameri, 92, 93, 94, 95, 96, 97, 100

belfragei, 94, 95, 96, 97, 101

benedicti, 85, 89, 178, 181, 185, 191, 194,

195

bexarensis, 85, 177, 179, 182, 188, 189,

192

bicaudata, 90, 163, 164, 165, 166, 167,

171, 172

bicolor, 105, 106, 107, 108, 110, 111, 112

brranti, 88, 122, 123, 124, 125, 129,

164, 165

cabeza, 164, 165, 166, 167, 168

caliente, 92, 93, 152, 153, 154, 155

californica, 89, 178, 181, 183, 193, 194,

195

cana, 178, 180, 183, 184, 185, 196

Candida, 86, 122, 123, 124, 125, 130, 138

canella, 89, 177, 179, 181, 182, 185, 194,

195, 197

canellus, 85

cinerescens, 108 >-

dementi, 85, 178, 179, 182, 188, 189, 198

completa, 86, 88, 121, 122, 123, 124, 125,

131, 163, 164, 165

concolor, 205

Efferia Coquillett in America North of

Mexico (Dipteria: AsiUdae) by J.

Wilcox, 85-234

Efferia coquUletti, 88. 92, 93, 177, 178, 180,

183, 198, 207

costalis, 153, 154, 155, 157

coulei, 139, 140, 141, 146, 147

cressoni, 151, 152, 153, 154, 155, 157

cuervana, 139, 147

cuervanus, 85
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davisi, 122, 123, 124, 125, 132

deserti, 88, 178, 181, 183, 199, 200
dubia, 85, 86, 202, 203

duncani, 106, 107, 108, 112

ehrenbergi, 88, 178, 180, 183, 200, 203
femorata, 94, 96, 97, 102

frewingi, 164, 165, 166, 167, 169

gila, 122, 123, 124, 125, 133

grandis, 106, 107, 108, 110, 111, 113

halli, 122, 123, 124, 125, 134

harveyi, 139, 140, 141, 147

helenae, 85, 164, 165, 166, 167, 170, 172,

176

incisuralis, 97

inflata, 178, 182, 184, 185, 204, 211

interrupta, 89, 178, 179, 182, 184, 185,

205
jubata, 152, 153, 154, 158

kansensis, 95, 96, 97, 102

kelloggi, 164, 165, 166, 167, 172

knowltoni, 85, 178, 181, 183, 206
lateralis, 205

latruncula, 89, 151, 152, 153, 154, 155,

159

leucocoma, 105, 106, 107, 108, 110, 111,

114
luna, 121, 122, 123, 124, 125, 136

macrolabis, 85, 86

mesquite, 85, 178, 180, 183, 207

mexicana, 85, 86, 94, 97

monki, 85, 178, 180, 183, 207, 208

mortensoni, 92, 93, 164, 165, 166, 167,

173

nemoralis, 178, 179, 182, 188, 189, 208

neoinflata, 178, 179, 182, 184, 185, 205,

209, 211

niger, 97

ordwayae, 151, 152, 153, 154, 155, 159

pallidula, 89, 177, 181, 185, 207, 211

pallidulus, 121

parkeri, 88, 178, 180, 183, 200, 213, 214

peralta, 92, 93, 106, 107, 108, 110, 111,

115, 116, 119

pernicis, 88, 122, 123, 124, 125, 137

perrumpeus, 205

pilosa, 88, 163, 164, 165, 166, 167, 174,

178, 181, 183, 214

pinali, 139, 140, 141, 147

plena, 178, 179, 182, 188, 189, 214

pogonias, 86, 131, 132, 163, 164, 165,

166, 167, 175

prairiensis, 85, 178, 180, 182, 188, 189,

215
prattii, 139, 141, 149
producta, 225, 226, 227, 229

prolifica, 86, 152, 153, 154, 155, 160

rapax, 178, 179, 182, 184, 185, 202, 216
rava, 131

rufibarbis, 86, 163, 164

Salomon, 85

setigera, 92, 93, 225, 226, 228
similis, 86, 105, 106, 107, 116

sinensis, 85

slossonae, 94, 96, 97, 103

snowi, 138, 140, 141, 149

spiniventris, 225, 226, 229

staminea, 86, 178, 179, 182, 202, 217

subarida, 139, 140, 141, 149

subaridus, 85

subcuprea, 153, 154, 155, 161

subpilosa, 139, 150
subscuprea, 157

tabescens, 95, 96, 97, 103

tagax, 105, 106, 107, 116, 117

tanneri, 85, 86

texana, 89, 178, 181, 194, 195, 219

tibialis, 97

tolandi, 139, 140, 141, 150

tricella, 121, 122, 123, 124, 125, 130, 137

tricellus, 85

truncata, 178, 180, 183, 188, 189, 220

tuberculata, 89, 225, 226, 227, 230

lucsoni, 225, 226, 227, 231

utahensis, 85, 164, 165, 166, 167, 176

varipes, 178, 179, 182, 188, 189, 221

vertebrata, 106, 107, 108, 118

vertebratus, 85

villosus, 205

wilcoxi, 85, 88, 178, 180, 183, 184, 185,

222, 225

vvillistoni, 105, 106, 107, 152, 153, 162

yermo, 88, 178, 181, 183, 200, 223

yunia, 88, 178, 181, 183, 200, 224

zonata, 106, 107, 108, 119

ehrenbergi, Efferia, 88, 178, 180, 183, 200,

203

eiselti, Pseudorabdion, 313

Eleodes, 424

grandicollis, 424
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elerae, Brachymeles, 527, 531, 546

emarginalis, Hylemya (Botanophila), 305

Engraulis mordax, 60, 79

Erax, 86, 87, 149, 177, 202

aestuans, 97

albibarbis, 108

anacapai, 126

anomalus, 126

apicalis, 98

argentifrons, IBS

argyrosoma, 186

aridus, 143

armatus, 109

aurimystaceus, 99

auripilus, 187

barbatus, 86, 108. 121, 164

belfragei, 101

benedicti, 191

bexarensis, 192

bicaudatus, 121, 165, 171, 175

bicolor, 111

californicus, 193

canellus, 197

canus, 196, 207

cinerescens, 108

clementei, 198

completus, 131

coquilletti. 198

costalis, 157

cressoni, 157

cuervanus, 147

dubius, 202, 203

femoratus, 102

furax, 108

grandis, 113

harveyi, 147

helenae, 170

inflatus, 204

interruptus, 205

jubatus, 158, 160, 161

kansensis, 102

knowltoni, 206

latrunculus, 159

leucocoma, 114

mesquite, 207

monki, 207

nemoralis, 208

pallidulus, 121, 206, 211, 212

pernicis, 137

pilosus, 174, 207

plenus, 214

pogonias, 175

prairiensis, 215

prattii, 149

productus, 227

prolificus, 160, 161

pumilis, 108

rapax, 216

rufibarbis, 131, 175

similis, 116

slossonae, 103

snowi, 149

spiniventris, 229

stamineus, 216, 217

stramineus, 202, 217

subaridus, 147, 149

subcupreus, 161

subpilosus, 150

tabescens, 103

tagax, 117

tanneri, 217

texanus, 219

tricellus, 137

tricolor, 108

truncatus, 220

tuberculata, 230

tubcrculatus, 230

utahensis, 176

varipes, 221

vertebratus, 118

wilcoxi, 222

willistoni, 162

zonatus, 119

Eriphia marginata, 305

erythrodon, Balistes fOdonus], 455

erythropterus, Oncobalistes, 452

Eucastor leconti, 514

Eumeces (Riopa) schadenbergi, 535

eurystyle, Neohipparion, 514

Eutardigrada, 323

Euxesta, 485, 488, 489, 495

apicalis, 486

calloiia, 484, 485, 487, 490, 494, 495

cavagnaroi, 484, 486, 487, 488, 489,

490, 491, 496

galapagensis, 483, 484, 485, 488, 489, 490

nesiotis, 484, 485, 490

nitidiventris, 483, 487

notata, 483, 484, 490

phoeba, 484, 486, 488, 489, 491
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schusteri, 484, 485, 488, 489, 491, 492

spodia, 484, 485, 488, 492
Euxestina fuscipennis, 484, 493

everetti, Idiopholis, 307, 308, 309

femorata, Efferia, 94, 96, 97, 102

femoratus, Erax, 102

fibulans, Hylemya, 244, 245

filocosta, Lymnaea, 515, 519
Firby, James R., Pliocene Non-Marine Mol-

lusks from Contra Costa County,

California, 511-524

flavicans, Teloschistes, 317

flavimarginatus, Pseudobalistes, 443

flavivaria, Pegomya setiventris, 272
fontana, Coenosia (Limosia), 278, 2 79

fossiger, Teleoceras, 514

fraenatus, Sufflamen, 445, 446

Francilia, 475, 481

frewingi, Efferia, 164, 165, 166, 167, 169

fronticinctus, Cantherhines, 469

Frullania, 317, 318

fuliginosa, Geospiza, 367, 369

fulvescens, Hylemya (Delia), 237, 239

furax, Erax, 108

furcatus, Creagrus, 367

Gregarus, 503

fuscelineatus, Balistes, 447

fuscicauda, Pegomya, 264

fuscipennis, Euxestina, 484, 493

fuscipes, Xenomydaea, 290

fuscipes, Xenomydaea armatipes, 290
fuscolineatus, Balistes, 449

fuscopunctata, Pegomya affinis, 238, 242,

243, 246, 247, 271
fuscus, Balistes, 439, 440

Pseudobalistes, 442, 443

galapagensis, Blossevillea, 338

galapageiisis, Chelicerca, 500, 501, 503,

504

Euxesta, 483, 484, 485, 488, 489, 490

Glossophora, 338

galapagoensis, Arctocephalus, 367

Asio, 367

Buteo, 367, 369

garrula, Limnophora, 286

Gastropoda, 515, 518

Gecko, gecko, 550

gecko, Gecko, 550

Gekkonidae, 550

Gelidium hancockii, 338

Geospiza conirostris, 367, 369

difficilis, 367, 369, 370

fuliginosa, 367, 369

Gerrhonotus multicarinatus, 550

gidleyi, Neohipparion, 514

gila, Efferia, 122, 123, 124, 125, 133

glauca, Chiastocheta, 255

Glossophora galapagensis, 338

Goniobasis, 515, 518, 522
leslieae, 522

rodeoensis, 522

gotonis, Xanthichthys, 456, 457

gracilis, Brachymeles, 525, 531, 536, 538,

540, 542, 545, 546

Brachymeles gracilis, 537, 538, 540

Deroceras, 521

grandaevus, Sator, 550, 558, 559, 562, 563

grandicollis, Eleodes, 424

grandis, Efferia, 106, 107, 108, 110, 111, 113

Erax, 113

Grapsus grapsus, 367

grapsus, Grapsus, 367

Gregarus furcatus, 503

Grigarick, Albert A., see Schuster, Robert O.

griseus, Varanus, 550, 556, 557, 558, 559,

564, 565

Gyraulus, 520

pabloanus, 515, 518, 520

Hadrurus, 426

halli, Efferia, 122, 123, 124, 125, 134

hancockii, Gelidium, 338

harrisi, Nannopterum, 367

harveyi, Efferia, 139, 140, 141, 147

Erax, 147

hassi, Amblyrhynchus cristatus, 330

haustellaris, Leucophora, 275, 276

heckeli, Balistes, 460

helenae, Efferia, 85, 164, 165, 166, 167, 170,

172, 176

Erax, 170

Helina obscurinervis, 288

platykareiios, 286, 287

polychaeta, 288

Helix, 512

arbustorum, 521

stagnalis, 518

Helminthoglypta, 515, 516, 518, 521
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Helminthoglyptidae, 521

Hemidactylus, 550

Hemphillia, 521

Heterotardigrada, 319

heudolotii, Alutera, 469

hibiscus, Macrobiotus, 2,22,, 324, 325

hilaris, Coenosia, 280

hilaris, Coenosia (Neodexiopsis), 279, 280

hilong, Brachymeles, 531, 534, 543, 544

Hipparion, 514

Hipparion mohavense, 514

hirticauda, Pegomya, 238, 239, 242, 243,

246, 247, 248, 249, 262, 263

hirtitibia, Alliopsis, 257

hispidus, Planorbis, 520

Stephanolepis, 469

Huckett, H. C, New Species of Anthomyiidae

and Muscidae from California (Dip-

tera), 235-306

hufelandii, Macrobiotus, 323, 324, 325

hyalinata, Pareuxesta, 483, 484, 486, 495

Hydrophoria altilega, 274

pilipyga, 272, 2 73, 2 75

rotundata, 273, 275

Hylemya appendiculata, 253

(Botanophila) consolata, 244, 245

(Botanophila) eniarginalis, 305

(Botanophila) pseudospinidens, 238,

239, 242, 243, 245, 246, 247, 248, 249

(Botanophila) sperata, 238, 239, 242,

243, 246, 247, 249

consolata, 245

(Delia) concorda, 235, 238, 239, 242,

243

(Delia) fulvescens, 237 239

(Delia) intimata, 239, 240, 248, 249

(Delia) iiubilalis, 240, 241

(Delia) suburbana, 241, 244

fibulans, 244, 245

marginata, 245, 305

marginella, 249

neomexicana, 235, 236

(Pegohylemyia) praefecta, 250, 251

(Pegohylemyia) salutaris, 238, 239,

242, 243, 246, 247, 252, 253

(Pegohylemyia) sodalis, 238, 239, 242,

243, 246, 247, 253

(Phorbia) soinbrosa, 250

platura, 305

ringdahh, 253

spinidens, 245

spiniventris, 245

varicolor, 249

Hymenostomum, 317

Idiophohs, 307, 308

collaris, 307, 308, 309, 310, 313

everetti, 307, 308, 309

iguana. Iguana, 363

Iguana iguana, 363

Iguanidae, 550

incisuralis, Efferia, 97

incompta, Alliopsis, 258, 259

inflata, Efferia, 178, 182, 184, 185, 204, 211

inflatus, Erax, 204

Inger, Robert P., and Alan E. Leviton, The

Taxonomic Status of Bornean Snakes

of the Genus Pseudorabdion Jan and

of the Nominal Genus Idiophohs

Mocquard, 307-314

iiinupta, Leucophora, 276
insolens, Plexiopsis, 295, 296

intermedia, Pareuxesta, 483, 484, 486, 494,

495

interrupta, Efferia, 89, 178, 179, 182, 184,

185, 205
interruptus, Asilus, 205

Erax, 205

intimata, Hylemya (Delia), 239, 248, 249

invada, Limnophora, 285, 286

irroratea, Diomedia, 367

Itaquascon, 327

umbellinae, 327

James, Maurice T., The Blow Flies of the

Galapagos Islands (Diptera: CaUi-

phoridae), 475-482

juanitae, Pseudechiniscus, 320, 321, 323

jubata, Efferia, 152, 153, 154, 158

jubatus, Erax, 158, 160, 161

kansensis, Efferia, 95, 96, 97, 102

Erax, 102

Kasahara, Michiko, see Miller, Malcolm R.

kelloggi, Efferia, 164, 165, 166, 167, 172

kerri, Lymnaea, 515, 519

kibitar, Balistes, 447

knowltoni, Efferia, 85, 178, 181, 183, 206

Erax, 206

kofordi, Echiniscus, 321, 324, 325
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laterale, Liolopisma, 550

lateralis, Efferia, 205

latifasciata, Paruexesta, 483, 484, 486, 491,

494, 495, 496

latissima, Parmelia, 318

latruncula, Efferia, 89, 151, 152, 153, 154,

155, 159
latrunculus, Erax, 159

leconti, Eucastor, 514

leslieae, Goniobasis, 522

leucocoma, Efferia, 105, 106, 107, 108, 110,

111, 114
leucocomus, Erax, 114

leucomelaena, Anaptychia, 317

Leucophora haustellaris, 275
iniiupta, 276
maculata, 276

niegacephala, 277, 2 78

leucopus, Peromyscus, 378, 392, 393, 397,

405, 407, 409, 411, 414

Leviton, Alan E., see Inger, Robert F.

lignitica, Anodonta nuttalliana, 511, 515,

517, 518

Limacidae, 521

limatula, Lymnaea, 515

Limnophora corvina, 286

garrula, 286

invada, 285, 286

lineopunctatus, Xanthichthys, 457, 458

Liolopisma laterale, 550

lipsia, Pegomya, 264, 265

Lispe approximata, 246, 247, 283, 284

desertorum, 246, 247, 284, 285

salina, 284

sordida, 284

lispina, Schoenomyza, 278

Lispocephala acuticauda, 282, 283

nearctica, 282

longiceps, Pseudorabdion, 307, 309, 313

longirostris, Canthidermis, 461, 463

longissimus, Balistes, 461

longus, Balistes, 461

Lophosiphonia villum, 338

Lucilia, 476

quadrisignata, 476

(Viridinsula) pionia, 477

luna, Efferia, 121, 122, 123, 124, 125, 136

Lycopodium complanatum, 318

Lygosoma (Leiolopisma) pulchellum, 533

Lymnaea, 518, 519
alamosensis, 519

contracosta, 511, 515, 519

filocosta, 515, 519
kerri, 515, 519

limatula, 515

petaluma, 515, 518, 519

Lymnaeidae, 518

macdonaldi, Nesomimus, 367

macellaria, Cochliomyia, 475, 476

Musca, 476

Macrobiotidae, 323

Macrobiotus, 316, 323

harmsworthi coronatus, 325, 326, 327

hibiscus, 323, 324, 325

hufelandii, 323, 324, 325

montanus, 326, 327

richtersi, 325, 326, 327

macrocerus, Cantherhines, 468

macrolabis, Efferia, 85, 86

macropterus, Balistes, 460

maculata, Leucophora, 276

maculatus, Bahstes, 460, 463

Canthidermis, 429, 430, 432, 433, 434,

435, 460, 461, 463, 464, 467, 468

inaoulipennis, Xcncmydaea, 290, 291

madagascariensis, Phelsuma, 550, 556, 557

major, Pegomya, 271

mallochi, Pegomya, 267

maniculatus, Peromyscus, 393, 411

marci, Archechiniscus, 319, 320, 321

marginata, Eriphia, 305

Hylemyia, 245, 305

marginella, Hylemya, 249

Mayetina, 317

mcnamarae, Pseudorabdion, 308, 313

megacephala, Leucophora, 277, 278

melanderi, Pegomya, 263, 264

Melania olivula, 522

melanopterus, Balistes, 461

Melichthys, 439, 449, 451, 452, 454

bispinosus, 447

buniva, 449, 451, 456

niger, 429, 430, 432, 433, 434, 435, 436,

447, 448, 450, 451, 452, 453, 455, 456,

464, 466, 468

nycteris, 452

radula, 452, 453, 455

vidua, 451, 452
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mendiculus, Spheniscus, 367

mento, Balistes, 456, 460

Xanthichthys, 429, 430, 432, 433, 434,

435, 436, 455, 456, 457, 458, 459, 460,

464, 467, 468

mertensi, Amblyrhynchus cristatus, 330

mesquite, Efferia, 85, 178, 180, 183, 207

Erax, 207

Meteoriopsis, 318

qatula, 318

mexicana, Efferia, 85, 86, 94, 97

Miconia, 318

Micromitrium, 317

Microtus, 381, 411

Miller, Malcolm, R., and Michiko Kasahara,

Studies on the Cutaneous Innervation

of Lizards, 549-568

Milnesiidae, 327

Milnesium, 327

tardigradum, 326, 327
niindorensis, Brachymeles gracilis, 536, 539,

541, 542

minuta, Pegomya, 261

mitis, Sufflamen, 445

mohavense, Hipparion, 514

Monacanthus ciliatus, 469

tuckeri, 469

monki, Efferia, 85, 178, 180, 183, 207, 208

Erax, 207

monoceros, Alutera, 468

montanum, Pseudorabdion, 313

montanus, Macrobiotus, 326, 327
inonticola, Xeohylemyia, 255, 256

mordax, Engraulis, 60, 79

mortensoni, Efferia, 92, 93, 164, 165, 166,

167, 173

multicarinatus, Gerrhonotus, 550

munumum, Balistes, 461

Murphy, Garth I., Population Biology of the

Pacific Sardine (Sardinops caerulea),

1-4

Musca phauda, 476

pionia, 476, 477

Muscidae, 235

Mus musculus, 393

musculus, Mus, 393

Mydaea narona, 290

pilifera, 289, 290

Mytillus cygneus, 517

Nannopterum harrisi, 367

nannus, Amblyrhynchus cristatus, 330

narona, Mydaea, 290

naufragium, Balistes, 440

Pseudobalistes, 429, 430, 433, 434, 435,

436, 437, 438, 439, 440, 442, 443, 464,

465, 468

neararctica, Lispocephala, 282

nebouxi, Sula, 367

neglecta, Phaonia, 299, 300

Nematobalistes, 433, 435

nemoralis, Efferia, 178, 179, 182, 188, 189,

208
Erax, 208

Neohipparion eurystyle, 514

gidleyi, 514

Xeohylemyia monticola, 255, 256

neoinflata, Efferia, 178, 179, 182, 184, 185,

205, 209, 211

neomexicana, Hylemya, 235, 236

Nerax, 85, 86, 87

nesiotis, Euxesta, 484, 485, 490
Nesomimus macdonaldi, 367

New Species of Anthomyiidae and Muscidae

From California (Diptera), by H. C.

Huckett, 235-306

niger, Balistes, 447, 453, 454, 455

Efferia, 97

Melichthys, 429, 430, 432, 433, 434, 435,

436, 447, 448, 450, 451, 452, 453, 455,

456, 464, 466, 468

Xenodon (Balistes), 455

nigra, Balistes, 447, 453, 454

nigriceps, Schoenomyza, 278

iiigriceps, Schoenomyza lispina, 278

iiigrifenioralis, Pegomya, 264, 265

nitidiventris, Euxesta, 483, 487

norvegicus, Rattus, 393

notata, Euxesta, 483, 484, 490
Ortalis, 490

notatus, Balistes, 460

Notiosorex, 424

crawfordii, 424

noveboracensis, Peromyscus leucopus, 379

nubilalis, Hylemya (Delia), 240, 241

nyctcris, Melichthys, 452

Pachynathus, 452

obscura, Pareuxesta, 483, 484, 486, 494, 495,

496
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obscurinervis, Helina, 288

occidentalis, Pelecanus, 367

Sceloporus, 550

ocellata, Sardinops, 80

Octoblepharum albidum, 318

oculatus, Balistes, 460

Canthidermis, 463

Odonus, 433

Oligotoma saundersii, 501

olivula, Melania, 522

Oncobalistes erythropterus, 452

Opuntia, 361

orbata, Pegomya, 265
ordwayae, Efferia, 151, 152, 153, 154, 155,

159

oreas, Peromyscus, 411

Oreellidae, 319

orieiitalis, Brachymeles schadenbergi, 534,

535
Ortalis notata, 490

Otitidae, 483, 485

Otitidae From The Galapagos Islands (Dip-

tera, Acalytratae), by George C.

Steyskal, 483-498

oxycephalum, Pseudorabdion, 308, 313

pabloanus, Gyraulus, 515, 518, 520
Planorbis, 511, 520

Pachynathus nycteris, 452

pachyostracon, Craterarion, 521

Deroceras, 515, 521

pacificum, Plocamium, 338

pacificus, Tropidurus, 365

pallidula, Efferia, 89, 177, 181, 185, 207, 211

pallidulus, Erax, 121, 206, 211, 212

pardalis, Cantherhines, 469

Pareuxesta, 484, 486, 495, 496

academica, 484, 486, 493, 494, 495

hyalinata, 483, 484, 486, 495

intermedia, 483, 484, 486, 494, 495

latifasciata, 483, 484, 486, 491, 494, 495,

496

obscura, 483, 484, 486, 494, 495, 496

xanthomera, 484, 486, 494, 495, 496

parkeri, Efferia, 88, 178, 180, 183, 200, 213

Parmelia latissima, 318

tinctorum, 317, 318

pathfinderi, Brachymeles, 527, 531, 546

paucicorticata, Pterosiphonia, 338

pectoralis, Coenosia, 280

Pegomya affinis, 259, 263, 264, 271

affinis fuscopunctata, 238, 239, 242,

243, 246, 247, 271

arenosa, 259
bicolor, 268

bicolor defecta, 272
canyoneiisis, 260, 261

diffinis, 261

dissidens, 261

dupHcata, 264

duplicoides, 264

fuscicauda, 264

hirticauda, 238, 239, 242, 243, 246, 247,

248, 249, 262, 263

lipsia, 264, 265

major, 271

mallochi, 267

nielanderi, 263, 264

minuta, 261

nigrifenioralis, 264, 265

orbata, 265
polygoiioruni, 265, 266

setiformis, 264

setiventris flavivaria, 272

silvicola, 266, 267

sombrina, 267, 268

thrixia, 271

umbripennis, 268, 269, 2 70

valida, 270, 271

winthemi, 267

Pelecanus occidentalis, 367

Pelecypoda, 515, 517

Pentadactyl, 531

peralta, Efferia, 92, 93, 106, 107, 108, 110,

111, 115, 119

pernicis, Efferia, 88, 122, 123, 124, 125, 137

Erax, 137

Peromyscus, 379, 380

boylii, 381

leucopus, 378, 379, 392, 393, 397, 405,

407, 409, 411, 414

leucopus noveboracensis, 379

maniculatus, 393, 411

maniculatus bairdi, 393, 394, 407

oreas, 411

Perrinilla, 520

perrumpeus, Efferia, 205

petaluma, Lymnaea, 515, 518, 519

Phaenicia, 475, 476, 481

(Viridinsula) deceptor, 476, 478, 479
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(Viridinsula) pionia, 476, 477, 478

(Viridinsula) setosa, 476, 478, 479

phaeodactylus, Anuroctonus, 419, 420, 421,

423, 424, 426, 427, 428

Phaonia, 297

anteniialis, 296, 297, 301

coriatlanis, 297, 299

neglecta, 299, 300

reclusa, 300, 301

reflecta, 301, 303

reversa, 303, 304

sobriana, 301, 304

striata, 300

phauda, Musca, 476

Phelsuma madagascariensis, 550, 556, 557

phoeba, Euxesta, 484, 486, 488, 489, 491

Phyllogaster albincpeiinis, 282

Physa, 515

Physcia, 318

piceus, Balistes, 447, 456

pilifera, Mydaea, 289, 290

pilipyga, Hydrophoria, 272, 273, 275

pilosa, Efferia, 88, 163, 164, 165, 166, 167,

174, 178, 181, 183, 214

pilosus, Erax, 174, 207

Pilotrichum bipinnatum, 318

pinali, Efferia, 139, 140, 141, 147
pionia, Lucilia (Viridinsula), 477

Musca, 476, 477

pionia, Phaenicia (Viridinsula), 476, 477,

478

Pisidium curvatum, 515

Plagiochila, 318

Planorbidae, 520, 522

Planorbis, 520

albus, 520

hispidus, 520

pabloanus, 511, 520

pleiopleurus, 515

plenus, 5 IS

platura, Hylemya, 305

platykarenos, Helina, 286, 287

pleiopleurus, Planorbis, 515

plena, Efferia, 178, 179, 182, 188, 189, 214

plenus, Erax, 214

Planorbis, 515

Plesiopsis, 295

Pleuroceridae, 522

Plexiopsis, 295

insolens, 295, 296

Pliocene Non-Marine Mollusks From Contra

Costa County, California, James R.

Firby, 511-524

Pliohippus, 514

spectans, 514

Plocamium pacificum, 338

Pogonias, 87, 88, 89, 90, 93, 138, 163, 164,

165, 167,214

pogonias, Asilus, 175

Efferia, 86, 131, 132, 163, 164, 165, 166,

167, 171, 175

Erax, 175

Pogonomyia amnicola, 238, 239, 242, 243,

246, 247, 291, 292, 293, 294, 295

profrontalis, 246, 247, 248, 249, 293,

295

rivalis, 293, 294, 295

santamonicae, 246, 247, 248, 249, 293,

294, 295

polychaeta, Helina, 288
polygoiiorum, Pegomya, 265, 266

Polygonum alpinum, 266

polylepis, Balistes, 429, 430, 433, 434, 435,

436, 437, 438, 439, 440, 463, 465, 468,

469

Population Biology of the Pacific Sardine

(Sardinops caerulea) by Garth I.

Murphy, 1-84

praefecta, Hylemya (Pegohylemyia), 250,

251

prairiensis, Efferia, 85, 178, 180, 182, 188,

189, 215
Erax, 215

prattii, Efferia, 139, 141, 149

Erax, 149

Prionitis abbreviata, 338

producta, Efferia, 225, 226, 227, 229

productus, Erax, 227

profrontalis, Pogonomyia, 246, 247, 248,

249, 293, 295

prolifica, Efferia, 86, 152, 153, 154, 155, 160

prolificus, Erax, 160, 161

Pseudechiniscus, 323

juanitae, 320, 321, 323

ramazzottii, 323

scorteccii, 323

suillus, 323

Pseudobalistes, 443

chrysospilos, 443

flavimarginatus, 443
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fuscus, 440, 442, 443

naufragium, 429, 430, 433, 434, 435, 436,

437, 438, 439, 440, 442, 443, 464, 465,

468

Pseudocyphellaria aurata, 317

Pseudorabdion, 307, 308, 310, 312, 313

albonuchalis, 310, 311, 312, 313

ater, 308, 310, 313

eiselti, 313

longiceps, 307, 309, 313

mcnamarae, 308, 313

montanum, 313

oxycephalum, 308, 313

sarasinorum, 313

saravacensis, 310, 311, 313

taylori, 313

pseudospinidens, Hylemya (Bontanophila),

238, 239, 242, 243, 245, 246, 247, 248,

249

Psidium, 512

Pterasteridae, 505

Pteraster tesselatus, 505, 506, 507, 508

Ptcrosiphonia paucicorticata, 338

pulchellum, Lygosoma (Leiolopisma), 533

pullus, Cantherhines, 469

pumilis, Erax, 108

purus, Xanthichthys, 456, 457

Pyllogaster unica, 282

qatula, Meteoriopsis, 318

quadrisignata, Chrysomyia, 476

Lucilia, 476

quadrispinosus, Echiniscus, 322, 324, 325

Rabor, Discoro S., see Brown, Walter C.

radula, Balistes, 447, 453, 455

Melichthys, 452,453,455

Ramalina, 316, 317, 318, 322

usnera, 317

ramazzottii, Pseudechiniscus, 323

rapax, Efferia, 178, 179, 182, 184, 185, 202,

216

Erax, 216

Rattus norvegicus, 393

rava, Efferia, 131

reclusa, Phaonia, 300, 301

reflecta, Phaonia, 301, 303

Reithrodontomys, 381

reversa, Phaonia, 303, 304

Review of the Genus Brachymeles (Scinci-

dae) , with Descriptions of New Species

and Subspecies, by Walter C. Brown,

and Discoro S. Rabor, 525-548

Rhinecanthus, 433

Riccia, 318

richtersi, Macrobiotus, 325, 326, 327

ringdahli, Hylemya, 253

ringens, Balistes, 453, 454, 455

Xanthichthys, 453, 458, 459, 460

rivalis, Pogonomyia, 293, 294, 295

Rocella babingtonii, 317

rodeoensis, Goniobasis, 522

Ross, Edward S., A New Species of Embi-

optera From The Galapagos Islands,

499-504

rotuiidata, Hydrophoria, 273, 2 75

rotundatus, Bahstes, 460, 463

Canthidermis, 462

Rufibarbis, 163, 171

rufibarbis, Efferia, 86, 163, 164

Erax, 131, 175

rufus, Balistes, 461

salina, Lispe, 284

Salomon, Efferia, 85

salutaris, Hylemya (Pegohylemyia), 238,

239, 242, 243, 246, 247, 252, 253

samarensis, Brachymeles, 527, 528, 529, 530,

547

sandwichiensis, Cantherhines, 469

santanionicae, Pogonomyia, 246, 247, 248,

249, 293, 294, 295

sarasinorum, Pseudorabdion, 313

saravacensis, Pseudorabdion, 310, 311, 313

Sardinops, 23

caerulea, 1, 79, 80, 81, 82, 83, 84

ocellata, 80

Sator grandaevus, 550, 558, 559, 562, 563

saundersii, Oligotoma, 501

Scalesia, 316, 503

Sceloporus occidentalis, 550

schadenbergi, Brachymeles, 525, 531, 532,

533, 535, 545, 546

Brachymeles schadenbergi, 532, 533, 534,

535

Eumeces (Riopa), 535

schlegeh, Calamaria, 311

Schoenomyza convexifrons, 278

lispina, 278
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lispina nigriceps, 278
nigriceps, 278

schoepfii, Alutera, 469

schusteri, Euxesta, 484, 485, 488, 489, 491,

492

Schuster, Robert O., and Albert A. Grigarick,

Tardigrada From The Galapagos and

Cocos Islands, 315-328

Scincidae, 550

scincus, Teratoscincus, 550, 562, 563, 564, 565

Sciurus, 411

Scomber scombrus, 83

scombrus. Scomber, 83

scorteccii, Pseudechiniscus, 323

scripta, Alutera, 468

scrobiculata, Acrosticta, 483

Senira bicolor, 545

senticosus, Balistes, 461

Seriola dorsalis, 35, 79

setifer, Stephanolepis, 469

setiformis, Pegomya, 264

setigera, Efferia, 92, 93, 225, 226, 228
setilaniina, Coenosia (Xeodexiopsis) , 280,

281

setosa, Phaenicia (Viridinsula), 476, 478,

479
Sheppe, Walter, Determinants of Home

Range in the Deer Mouse, Peromycus

leucopus, 377-418

sielmanni, Amblyrhynchus cristatus, 330

sigismundi, Echiniscoides, 319, 320, 321

sillone, Balistes, 447

silvicola, Pegomya, 266, 267

similis, Efferia, 86, 105, 106, 107, 116

Erax, 116

sinensis, Efferia, 85

Trionix, 557

sleveni, Dromicus, 367

slossonae, Efferia, 94, 96, 97, 103

Erax, 103

snowi, Efferia, 138, 140, 141, 149

Erax, 149

sobaco, Canthidermis, 463

sobriana, Phaonia, 301, 304

sodalis, Hylemya (Pegohylemyia), 238, 239,

242, 243, 246, 247, 253

solidiceps, Chiastocheta, 246, 247, 248, 249,

254, 255

sombrina, Pegomya, 267, 268

sonibrosa, Hylemya (Phorbia), 250

sordida, Lispe, 284

spectans, Pliohippus, 514

sperata, Hylemya (Botanophila), 238, 239,

242, 243, 246, 247, 249

Sphaeriidae, 517

Sphaerium, 515, 517

cynodon, 515, 517, 520

Spheniscus mendiculus, 367

spinidens, Hylemya, 245

spiniventris, Efferia, 225, 226, 229
Erax, 229

Hylemya, 245

Spinulosa, 505

spodia, Euxesta, 484, 485, 488, 492
Staminea, 87, 88, 89, 93, 177, 179, 225

Efferia, 86, 178, 179, 182, 202, 217

stamineus, Erax, 216, 217

Stenopelmatus, 424

Stephanolepis hispidus, 469

setifer, 469

Steyskal, George C, Otitidae from the Gala-

pagos Islands (Diptera, Acalyptratae),

483-498

Sticta, 318

Stramineus, 138, 206, 207

Erax, 202, 217

striata, Phaonia, 300

Studies on the Cutaneous Innervation of

Lizards, by Malcolm R. Miller, and

Michiko Kasahara, 549-568

subarida, Efferia, 139, 140, 141, 149

subaridus, Efferia, 85

Erax, 147, 149

subcuprea, Efferia, 153, 154, 155, 161

subcupreus, Erax, 161

subpilosa, Efferia, 139, 150 ^

subpilosus, Erax, 150

subscuprea, Efferia, 157

suburbana, Hylemya (Delia), 241, 244

sufflamen, Canthidermis, 463, 468

Sufflamen capistratus, 445

fraenatus, 445, 446

mitis, 445

verres, 429, 430, 433, 434, 435, 436, 443,

444, 445, 446, 451, 464, 466, 468

suillus, Pseudechiniscus, 323

Sula dactylactra, 367

nebouxi, 367

sula, 503

sula, Sula, 503
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suluensis, Brachymeles, 537

sundevalli, Butorides, 367

tabescens, Efferia, 95, 96, 97, 103

Erax, 103

tagax, Efferia, 105, 106, 107, 116, 117

Erax, 117

talinis, Brachymeles, 531, 533, 534, 543,

544, 546

Brachymeles schadenbergi, 543

tanneri, Efferia, 85, 86

Erax, 217

Tardigrada from The Galapagos and Cocos

Islands, by Robert O. Schuster, and

Albert A. Grigarick, 315-328

tardigradum, Milnesium, 326, 327

taylori, Brachymeles gracilis, 537, 539, 540,

541, 542, 543

Pseudorabdion, 313

Teleoceras, 514

fossiger, 514

Telhna cornea, 517

Teloschistes flavicans, 317

Teratembiidae, 501

Teratoscincus scincus, 550, 562, 563, 564, 565

tesselatus, Pteraster, 505, 506, 507, 508

texana, Efferia, 89, 178, 181, 194, 195, 219

texanus, Erax, 219

The Blow Flies of the Galapagos Islands

(Diptera: Calliphoridae), by Maurice

T. James, 475^82

The Marine Iguana of the Galapagos Islands,

its Behavior and Ecology, by Charles

C. Carpenter, 329-376

The Taxonomic Status of Bornean Snakes

of the Genus Pseudorabdion Jan and

of the Nominal Genus Idiopholis

Mocquard, by Robert F. Inger and

Alan E. Leviton, 307-314

thrixia, Pegomya, 271

tibialis, Efferia, 97

tiki, Cantherhines, 468

tinctorum, Parmelia, 317, 318

tolandi, Efferia, 139, 140, 141, 150

tricella, Efferia, 121, 122, 123, 124, 125,

130, 137

tricellus, Efferia, 85

Erax, 137

tricolor, Erax, 108

tridactylus, Brachymeles, 527, 528, 529, 530,

546

Triggerfishes (Balistidae) of the Eastern

Pacific, by Frederick H. Berry, and

Wayne J. Baldwin, 429^74

Trionix sinensis, 557

triseriata, Bryopsis indica, 338

Tropidurus, 329, 373

albemarlensis, 367

pacificus, 365

truncata, Efferia, 178, 180, 183, 188, 189,

220
truncatus, Erax, 220

tuberculata, 88, 89, 93, 94, 225, 226

Efferia, 89, 225, 226, 227, 230
Erax, 230

tuberculatus, Erax, 230

tuckeri, Monacanthus, 469

tuesoni, Efferia, 225, 226, 227, 231

Tylotus ecuadoreanus, 338

Typha, 382

um, Balistes, 461

umbellinae, Itaquascon, 327

uinbripennis, Pegomya, 268, 2 70

unica, Pyllogaster, 282

Unionidae, 517

Usnea, 317

usnera, Ramalina, 317

utahensis, Efferia, 85, 164, 165, 166, 167,

176
Erax, 176

valiria, Pegomya, 270, 271

Varanidae, 550

Varanus bengalensis, 550, 560, 561

griseus, 550, 556, 557, 558, 559, 564, 565

varicolor, Hylemya, 249

varipes, Efferia, 178, 179, 182, 188, 189, 221

Erax, 221

venustissimus, Amblyrhynchus cristatus, 330

verecundus, Cantherhines, 469

vermis, Brachymelis, 526, 527, 530, 547

verres, BaHstes, 443

Sufflamen, 429, 430, 433, 434, 435, 436,

443, 444, 445, 446, 451, 464, 466, 468

Verrunculus, 433, 435

versicolor, Calotes, 550, 562, 563

vertebrata, Efferia, 106, 107, 108, 118

vertebratus, Efferia, 85

Erax, 118
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vetula, Balistes, 468

vidua, Balistes, 451

Melichthys, 451, 452

vigilis, Xantusia, 550, 562, 563, 564, 565

villosus, Efferia, 205

villum, Lophosiphonia, 338

viola, Canthidermis, 461

Viridinsula, 475, 476, 479

viridis, Echiniscus, 319, 320, 321

Wilcoxi, 177

wilcoxi, Efferia, 85, 88, 178, 180, 183, 184,

185, 222, 225

Erax, 222

Wilcox, J., Efferia Coquillett in America

North of Mexico (Diptera: Asilidae),

85-234

Williams, Stanley C, Burrowing activities

of the Scorpion Anuroctonus Phaeo-

dactylus (Wood) (Scorpionida: Vejo-

vidae), 419-428

willistoni, Efferia, 105, 106, 107, 152, 153,

162

Erax, 162

willughbeii, Balistes, 460, 463

winthemi, Pegomya, 267

wollebacki, Zalophus, 367

wrighti, Brachymeles, 527, 531, 546

Xanthichthys, 439, 454, 457, 458, 459, 460

gotonis, 456, 457

lineopunctatus, 457, 458

mento, 429, 430, 432, 433, 434, 435, 436,

455, 456, 457, 458, 459, 460, 464, 467,

468

purus, 456, 457

ringens, 453, 458, 459, 460

xanthoniera, Pareuxesta, 484, 486, 494, 495,

496
Xantusia vigilis, 550, 562, 563, 564, 565

Xantusiidae, 550

Xenodon (Balistes) niger, 455

Xenomydaea armatipes fuscipes, 290
fuscipes, 290

maculipennis, 290, 291

yermo, Efferia, 88, 178, 181, 183, 200, 223
yuma, Efferia, 88, 178, 181, 183, 200, 224

Zalophus wollebacki, 367

zonata, Efferia, 106, 107, 108, 119

zonatus, Erax, 119
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